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ASCULITIS denotes inflammation within the 

walls of blood vessels; it develops as a nonspecific 
reaction to various stimuli, including trauma, infec- 
tion, thrombosis, embolization and hypersensitivity ; 
it is also seen adjacent to some tumors, in eruptive 
xanthomatoses and in severe hypertensive states. In 
the absence of pathological evidence that active vas- 
culitis is secondary to some other disorder, the possi- 
bility of an allergic origin must be seriously con- 
sidered. Proof of allergic etiology in a given case, 
however, is difficult because of the lack of suitable 
immunologic technic. 

There is ample experimental and clinical evidence 
that small blood vessels may be involved in allergic 
reactions, and a growing realization that many clini- 
cal syndromes of uncertain etiology may be of allergic 
origin. The various clinical manifestations of allergic 
vasculitis have not been clearly delineated, however, 
because clinicians have not been aware of the oc- 
currence of vasculitis in many common syndromes, 
and pathologists have had little opportunity of study- 
ing tissues from patients with allergic vasculitis, ex- 
cept in fatal cases. Consequently, the impression has 
grown that this reaction carries a poor prognosis. 

Increasing use of biopsies of skin and muscle as 
diagnostic procedures in patients with obscure dis- 
eases has revealed that vasculitis is much more com- 
mon than had previously been realized, and fre- 
quently associated with obvious allergic reactions. 
We have undertaken a study of a number of these 
cases to record the diversity of symptoms that may 
develop as a sequel to vasculitis. We have chosen to 
use the term “allergic” vasculitis to indicate the likeli- 
hood that an allergic mechanism is involved, but 
retain the quotations about the word “allergic” to 
indicate that proof of this factor is still lacking. 
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REVIEW OF THE LITERATURE 


Opie’ described vasculitis in the Arthus phenome- 
non. Gruber? suggested that hypersensitivity to for- 
eign substances might be involved in periarteritis 
nodosa. Swift, Derick and Hitchcock® suggested that 
rheumatic fever (in which vasculitis occurs) could 
be a manifestation of hypersensitivity to strepto- 
cocci. Klinge* extended the list of clinical conditions 
that may be caused by hypersensitivity to include 
rheumatic disease, dermatomyositis, malignant neph- 
rosclerosis, thromboangiitis obliterans, certain nephrit- 
ides and subacute bacterial endocarditis. Clark and 
Kaplan> demonstrated the presence of vasculitis in 
serum sickness in man, and Hawn and Janeway® 
recorded similar pathological findings in experimental 
serum disease. Baehr, Klemperer and Schifrin’ noted 
the diffuse vascular changes that occur in dissemi- 
nated lupus erythematosus, and described the typical 
changes that occur in the kidneys in this disease. 
Klemperer, Pollack and Baehr*® later elaborated on 
the pathologic changes of disseminated lupus erythe- 
matosus, pointing out that in this disease there was 
a disturbance of the collagen tissues throughout the 
body and that the necrotizing vascular changes were 
only one expression of this collagen disturbance. They 
stressed the fact that similar changes could be pro- 
duced experimentally in the absence of hypersen- 
sitivity and indicated that the presence of necrotizing 
vasculitis and collagen degeneration did not neces- 
sarily indicate that hypersensitivity played a part in 
their production. Rich and Rich and Gregory noted 
the association of periarteritis nodosa with serum sick- 
ness and sulfonamide therapy*° and iodine therapy,’* 
and with his co-workers Rich has done much to clari- 
fy the subject of hypersensitivity in disease.’? Zeek** 
recognized that various pathologic disorders were 
being erroneously called “‘periarteritis nodosa”; she 
proposed that the generic term “necrotizing angiitis” 
be used to designate vascular lesions characterized 
by fibrinoid necrosis and inflammatory reactions in- 
volving all three coats of the vascular wall; in her 
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classification, five types of necrotizing angiitis could _lergic vasculitis and granulomatosis. A similar disorder 
be differentiated (hypersensitivity angiitis, allergic characterized pathologically by necrotizing granulo- 
granulomatous angiitis, rheumatic arteritis, periar- matous lesions of the respiratory tract, generalized 
teritis nodosa and temporal arteritis). In her patients arteritis and focal glomerulitis was described by 
with “hypersensitivity angiitis’ there was a rapidly Klinger’® and later by Wegener.*® 


TaBLe 1. Clinical Findings in 30 Patients with “Allergic” Vasculitis. 
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diagnosis of “allergic” vasculitis was established path- 
ologically during life by skin or muscle biopsy or 
both. In none of these cases has it been possible 
through continued observation or post-mortem study 
to establish a diagnosis of disseminated lupus erythe- 


TABLE 1 
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We believe that these patients represent a group 
in whom vascular changes result from an allergic 
reaction within the vessel walls. The symptoms and 
signs for the most part may be explained on the basis 
of the vascular abnormalities present. Treatment with 


(Concluded). 


VASCULITIC 
EDEMA 


Dermato- 


Curnicat Finpinc MYOSITIS 


CASE 


CASE 
17 18 


19 


Past history of 
allergy 


Allergic factor 
at onset 


Symptoms: 
Arthralgias 
Purpura 
Edema 
Fever 
Weight loss 


Pleurisy or 
pneumonitis 


Subcutaneous 
nodules 


Dermatitis 
Muscle tender- 


Urticaria 
Neuritic pain 
or paresthesias 


Gastrointestinal 
eeding 


Laboratory find- 
ings: 


Anemia 

Leukocytosis 

Eosinophilia 

Elevated sedi- 
mentation 
rate 


Abnormal se- 
rum protein 


Hematuria & 
albuminuria 


Renal failure 
Hepatic fail- 
ure 
Steroid therapy 
Prognosis: 
Complete re- 
covery 
On mainte- 
nance or in- 
termittent 
steroid treat- 
ment 


Residual dis- 
ease 


Death 


UNcLAssIFIeED SYNDROMES 


CASE 
24 


CASE 
25 


CASE 
26 


CASE 
27 


+ + + + 
+ 


+ + + 


+ +++ 


3 


+ + 4 


matosus or periarteritis nodosa, disorders often pro- 
ducing similar symptoms and pathological findings 
but not included in this study because their clinical 
characteristics are well known. 


adrenal steroids has been highly effective. On the 
whole, the prognosis of this disorder is favorable un- 
less there is renal involvement, and especially if an 
underlying allergic factor can be recognized and 
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eliminated. In some cases a healed stage of vascu- 
litis with arteriolar sclerosis has been demonstrated. 


Etiology 


Only 3 of the patients gave a history of previous 
allergic disease. Five had had rheumatoid arthritis 
or rheumatic fever. In 18 of the 30 patients, how- 
ever, factors present at the onset strongly suggested 


Skin Biopsy in Case 5 (Acute Vasculitis), Show- 
ing a Longitudinal Section of a Small, Patent Vessel roms 
in the Corium, with Swollen but Intact Endothelial Ce 

and a Rich Infiltration of Mag te Wall with an Inflammatory 


FIGURE 1. 


Exudate. 


that an allergic mechanism was responsible for the 
clinical disorder (Table 1). Clear-cut drug allergies 
were evident in 7 patients (Cases 2, 5, 12, 17, 24, 25 
and 28).* Reactions to penicillin occurred in 3 
(Cases 6, 7 and 18). Two patients (Cases 1 and 11) 
had reactions to medication but it was not clear 
whether it was an antibiotic or other drug, since both 
were given; in 3 others (Cases 9, 13 and 15) it was 
not clear whether an infection or the medication 
given to control it was responsible. In 2 (Cases 11 
and 28) an infection seemed to be the primary cause. 
In 1 (Case 16) a tumor seemed to be serving as an 
antigen. (We have reported a similar case,*” and a 
number of others have been recorded in the litera- 
ture.**) In 12 patients there was no clear relation 
of the symptoms to possible antigens. No other eti- 
ologic factors were apparent in these patients. 


Pathology 

“Allergic” vasculitis consists of inflammation with 
fibrinoid necrosis involving all three coats of vessel 
walls (arterial and venous). Arterioles and capillaries 
of the deeper layers of the corium are principally 
involved in the vasculitic process. The degree of 
involvement in our cases varied, from case to case 
and in an individual case from vessel to vessel, in 
intensity, age and extent of reaction. Vessel walls 
were commonly saturated with fluid, fibrin or leuko- 
cytes, and at times there were necrosis and lysis, with 


*Numbers in to cases outlined in Table 1 and ab- 
stracted at 


the end of this 


THE NEW ENGLAND JOURNAL OF MEDICINE 


Aug. 9, 1956 


thrombosis, collapse or complete destruction of the 
vessels (Fig. 1 and 2). Other vessels seemed patent 
and reasonably intact. Vasculitis in the skin was 
associated with edema and deposition of fibrin, and 
at times with escape of erythrocytes and leukocytes 
into the tissues. A healed stage of vasculitis was en- 
countered in 3 patients (Cases 2, 19 and 20) ; in these 
there was perivascular cuffing with lymphocytes (Fig. 
3) or recanalization (Fig. 4). Vasculitis in muscles 
was associated with varying forms of degeneration, 
necrosis, lysis and nonsuppurative myositis (Fig. 5). 
Vasculitis in the kidney was often manifested as 
glomerulitis (Fig. 6). 


Symptoms and Signs 


The manifestations of vasculitis and the frequency 
of their occurrence in the 30 patients are summarized 
in Table 1. 

Arthralgia. Pain occurred in and around the joints; 
moderate redness and swelling of the joints were 


Ficure 2. Skin Biopsy in Case 20 Acute 
A small vessel high in the corium is the focal point of an 
acute inflammatory reaction characterized by a lymphocytic 
cellular exudate, occlusion of its lumen and saturation of its 
walls with fibrin. 


common. The changes were reversible as in rheu- 
matic fever and serum sickness, leaving no residual 
joint deformity when the reaction subsided. 

Purpura. Vascular purpura occurred principally 
in areas where physical factors such as dependency, 
local pressure or scratching enhanced the escape of 
red cells from the damaged vessels. Only one patient 
had thrombocytopenia (Case 12), and in this case 
vasculitis was present as well. The occasional associa- 
tion of thrombocytopenic and anaphylactoid purpura 
has been pointed out by Stefanini and Mednicoff.’® 
Kriedberg, Dameshek and Latorocca*® have recently 
speculated upon the allergic nature of vascular 
purpura. 

Edema. This was the primary complaint in 3 pa- 
tients and was a significant finding in 9 others. It 
was most frequently present in the legs, but also oc- 
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curred on the hands and face. The edema usually 
disappeared promptly during steroid therapy. 

The fact that edema occurs as the result of vascu- 
litis and as an early manifestation of scleroderma and 
dermatomyositis led us to perform skin and muscle 
biopsies upon the 3 patients (Cases 19, 20 and 21) 
with primary edema of unknown cause. When vas- 
culitis was demonstrated in the microscopical sections 
in each case, steroid therapy was given, and prompt 
diuresis with loss of edema ensued. There has been 
no subsequent evidence of dermatomyositis or sclero- 
derma in these cases. 


Ficure 3. Skin Biopsy in Case 20 Two Months after In- 
Stitution of Steroid Therapy (Healed Vasculitis). 
Small vessels in the corium show a narrow border of lympho- 
cytes and collagenous connective tissue. There are no signs 
of acute inflammation. 


Fever. As a general rule, fever when present was 
low grade and remittent, the temperature rarely ris- 
ing over 101°F., except in the most severe cases. 


Ficure 4. Skin Biopsy Taken Six Months after the Insti- 

tution of Steroid Therapy in Case 19 (Healed Vasculitis). 

A small artery in the corium shows intimal sclerosis, throm- 

bosis, organization, recanalization, hyperplasia of the mus- 

cular media, and an increase in capillaries and collagen in 
the adventitia. 


Spontaneous remissions were common, and the fever 
responded promptly to cortisone therapy in 7 cases. 
Weight loss. Marked, rapid weight loss occurred 
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in several patients with “allergic” vasculitis. In a 
few cases fever was associated, and the weight loss 
may have represented a response to an increased 


Vessel. 


metabolism. Weight gain occurred regularly when 
spontaneous or induced remissions occurred. 
Pleurisy or pneumonitis. Two patients (Cases 14 
and 15) had pneumonitis or nodular changes in the 
lung parenchyma due to sarcoidosis; 2 others (Cases 
7 and 30) had pleural effusions as a phase of the ill- 
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Ficure 6. Section from the Kidney at Autopsy in Case 6 
lomerulitis). 


Two of many glomeruli are involved in a subacute prolifera- 
tive inflammatory reaction, — changes in both tuft and 
capsule. 


ness; 2 (Cases 24 and 27) had diffuse pneumonitis; it 
is assumed that this may have been associated with 
vasculitis of the lung; this phase of “allergic” vascu- 
litis may be associated with glomerulitis and renal 
failure (as in Case 27), and in these cases the prog- 
nosis is poor.*® 

Subcutaneous nodules. Three patients had find- 
ings typical of erythema nodosum. In 1 (Case 26) 
nodules first appeared on the posterior thorax, and 
in another (Case 25) there we:e nodules on the fore- 
arms after drug administration. Still another patient 
(Case 29) had nodules that appeared and disap- 


|| 
Ficure 5. Muscle Biopsy in Case 16, Showing a Rich 
- Lymphocytic Infiltration in the Adventitia of a Small Blood 
| 
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peared on the extremities over a period of four years. 
Nodules regularly disappeared under treatment. 

Dermatitis. In 2 patients (Cases 1 and 2) a gen- 
eralized dermatitis followed local application of a 
medicated ointment; the positive biopsies were taken 
of lesions distant from the primary foci. This is the 
so-called “sensitization” or “id” reaction. Three pa- 
tients (Cases 16, 17 and 18) showed erythematous, 
scaling or vesicular lesions, principally on the face, 
chest and extremities, and associated muscle weak- 
ness that in each case proved on biopsy to be due to 
necrosis of muscle tissue with vasculitis, thus per- 
mitting the diagnosis of dermatomyositis to be made. 
All 3 of these patients also had marked edema, and 
all responded well to steroids. Another patient (Case 
20) had a localized dermatitis in combination with 
severe edema, both of which responded to steroids. 

Muscle tenderness or weakness. Microscopical ab- 
normalities of muscle (necrosis and nonspecific myo- 
sitis) were noted in 7 patients (14 muscle biopsies 
were performed). In 3 of these, as noted above, the 
diagnosis of dermatomyositis was entertained. In an- 
other patient (Case 26) the muscle changes were as- 
sociated with recurrent subcutaneous nodules. In still 
another (Case 23) there were fever, purpura, ascites, 
eosinophilia and loss of sensory perception. In Case 
24 pneumonitis and hepatitis were associated with 
the myositis. 

Urticaria. Vasculitis was found in 1 patient with 
simple, uncomplicated urticaria (Case 4) and in an- 
other with urticaria and angioneurotic edema (Case 
3). In other patients with urticaria not included 
here biopsies have had negative results, so that the 
significance of the finding of vasculitis in urticaria 
is not immediately apparent. Urticaria is a symptom 
in disseminated lupus erythematosus, but there was 
no reason to suspect this disease in any of our cases. 
In 2 patients urticaria was associated with purpura 
(Cases 5 and 8), and in 1, hives regularly heralded 
the development of recurrent episodes of acute 
arthralgia (Case 30). 

Neuritic pain or paresthesias. Peripheral neuritis 
is common in periarteritis nodosa, probably because 
the nutrition of the involved peripheral nerves is 
impaired by the vascular disease. The same mech- 
anism probably explains this change in the 4 cases 
in this series in which this was a principal complaint. 

Gastrointestinal bleeding. In vascular purpura, 
microscopical or gross bleeding into the gastrointesti- 
nal tract is not uncommon. In 2 of our patients bleed- 
ing from the gastrointestinal tract was associated 
with purpura (Cases 6 and 7); 1 of these had oral 
and rectal ulcers, and the other a large gastric ulcer. 
Another patient had a bleeding duodenal ulcer (Case 
30). 

LABORATORY OBSERVATIONS 
Red-Cell Count and Hemoglobin 
Anemia occurred in patients with uremia and, of 
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course, after gastrointestinal hemorrhage, but was 
evident in only 4 other patients (Cases 10, 14, 26 and 
30), 1 with chronic infection, 1 with sarcoidosis and 2 
with severe, generalized manifestations of vasculitis. 


White-Cell Count 


Leukocytosis (white-cell count over 12,000) was 
present in only 6 patients. Leukopenia (count less 
than 5000) did not occur. 


Eosinophilia (4 per cent or more) was present in 
16 patients, but in 9 of these there were only 4 or 
5 per cent eosinophils; 4 had counts between 6 and 
10 per cent, and 3 between 19 and 57 per cent. 


Sedimentation Rate 


The sedimentation rate was elevated (above 30 
mm. per hour by the Westergren method) in 18 pa- 
tients, and in 7 of these the rate was over 100 mm. 
per hour. 


Serum Proteins 


Abnormalities of the serum proteins occurred in 
10 patients. These consisted principally in a rise of 
serum globulins, but in 7 cases there was also a de- 
crease in serum albumin. 


Urinalysis 


Hematuria and albuminuria occurred at one time 
or other in 11 patients. In 6 of these renal failure 
developed. These, as well as other cases with renal 
disease due to vasculitis, will constitute the basis of 
another report. 


Liver-Function Tests 
Diminished liver function was noted in 2 patients. 


Serologic Tests 


No patient had positive reactions in the serologic 
tests for syphilis (blood Hinton and Kahn) and no 
patient had a positive L.E.-cell phenomenon (11 pa- 
tients were tested). 


PATHOGENESIS OF “ALLERGIC” VASCULITIS 


Abell and Schenck,?! using a technic whereby the 
blood vessels in a sensitized rabbit’s ear could be ob- 
served microscopically in vivo, noted the following 
changes when the rabbit was injected with the sen- 
sitizing antigen: arteriolar constriction occurred with 
stoppage of the circulation; leukocytes adhered to 
the vascular endothelium and emigrated through the 
walls of capillaries and venules in large numbers; 
and some of the leukocytes agglutinated, causing 
emboli that blocked many capillaries and venules. 
Rich and Follis?? demonstrated vascular damage and 
even rupture of capillaries in sensitized animals when 
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the specific protein was introduced, but at the same 
time there was no extravascular cellular injury. 
Stefanini and Mednicoff’* reported that, in the serum 
of patients with anaphylactoid purpura and periar- 
teritis nodosa, an agent (presumably antibody) re- 
acted with an antigen prepared from blood vessels. 

“Allergic” vasculitis, then, can occur as the result 
of a direct antigen-antibody reaction within the vas- 
cular wall, which in turn induces a secondary in- 
flammatory reaction in and about the vessel and re- 
lease of plasma and at times red cells into the tis- 
sues. The resulting increase in tissue oncotic pres- 
sure is probably responsible for the edema that com- 
monly occurs. 


PROGNOSIS 


Fifteen of the 30 patients have apparently recov- 
ered completely from their episodes of vasculitis. In 
12 of these (Cases 1, 2, 5, 10, 11, 12, 13, 15, 16, 17, 
18 and 25) the causative factor was ized and 
eliminated; in 3 (Cases 14, 22 and 30) spontaneous 
or steroid-induced recovery has persisted, despite our 
inability to determine the cause. Seven additional 
patients (Cases 3, 8, 19, 20, 21, 23 and 26) expe- 
rienced complete amelioration of symptoms while un- 
der treatment with cortisone, but 5 noted a return 
of symptoms immediately after cortisone was with- 
drawn and have found maintenance steroid therapy 
necessary. One patient (Case 3) relapsed three or 
four weeks after stopping cortisone; another (Case 
26) was asymptomatic for eighteen months before 
relapse occurred. In none of these cases was an al- 
lergic factor evident at the onset. Three patients 
(Cases 7, 24 and 27) have continued to have symp- 
toms, because of irreversible changes produced by the 
vasculitis; in 2 of these (Cases 7 and 24) remarkable 
but partial improvement followed steroid therapy. 
One patient (Case 4) continues to have mild urticaria 
controlled by antihistamine drugs. Four patients 
died (Cases 6, 9, 28 and 29) ; all of them had renal 
failure. 


TREATMENT 


Nineteen of the 30 patients received steroid treat- 
ment, several of these on more than one occasion and 
each time with benefit. It seems that the “allergic” 
vasculitic reaction is more or less specifically sup- 
pressed by adrenal steroids; renal lesions, however, 
are not regularly benefited by steroid therapy. 

Obviously, an important part of the treatment is 
the elimination of any causative factors present. 


Discussion 


The clinical pattern of systemic lupus erythematosus 
has recently been reviewed by Harvey et al.** Many 
of the symptoms and findings of this disease are simi- 
lar to those encountered in our cases; frequently, 
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allergic reactions herald the onset of lupus and, as 
previously noted, vasculitis is common in lupus. Thus, 
it might be argued that some of our patients had 
variants of the lupus syndrome. Considerable care 
was exercised in the selection of cases for this study 
to eliminate all in which such a diagnosis might be 
justifiable. For example, none of our patients had 
photosensitivity, a butterfly rash, leukopenia, biologi- 
cally false-positive serologic reaction or positive L.E.- 
cell phenomenon. Many of them have been followed 
for several years, and no clinical course diagnostic of 
lupus has developed in any. 

Periarteritis nodosa is characterized by various 
combinations of the following: a history of allergic 
disease; bronchial asthma; neuropathy; nodular vis- 
ceral and arterial lesions; and eosinophilia and necro- 
tizing involvement of all three coats of medium-sized 
arteries, with a rich eosinophilic infiltration in and 
around the vessels. Some of our patients had some 
of these characteristics, but none had the pathological 
findings that characterize periarteritis nodosa. 

The superficial similarities of some of these cases 
to lupus erythematosus or periarteritis nodosa might 
have led to an erroneous diagnosis of either of these 
disorders in many. We believe that for prognostic 
reasons it is wise to make the diagnosis of established 
syndromes only when they seem quite evident. 

In the first 18 of our cases the symptoms, signs and 
clinical courses permitted classification into one of 
five well recognized clinical syndromes (Table 1). 
The remaining 12 had for the most part similar 
symptoms and findings, but in combinations that did 
not permit classification into known syndromes. It 
appears that in “allergic” vasculitis any one of a num- 
ber of physical abnormalities may occur, depending 
on the degree and location of the vascular involve- 
ment. Classification into narrowly defined syndromes 
is artificial — and embarrassing when new and un- 
expected signs develop. A more realistic approach 
would be to indicate that there is “allergic” vasculitis 
with dermatitis, edema, urticaria, purpura, arthralgia, 
pneumonitis, nephritis and so on. 

The occurrence of edema as a manifestation of 
“allergic” vasculitis has not previously been empha- 
sized. It must be fairly common and when it occurs 
as a major complaint in a patient with only minimal 
additional evidence of vasculitis, the diagnosis of vas- 
culitis may be overlooked. We suggest that skin and 
muscle biopsies be taken in any patient with periph- 
eral edema of obscure origin. The term “vasculitic 
edema” may prove useful in the classification of cases 
similar to Cases 19-21 in our series. 


SUMMARY AND CONCLUSIONS 


Vasculitis of varying degrees of severity is com- 
monly encountered in conditions known to be due to 
hypersensitivity. It is also a common denominator 
in several conditions of uncertain etiology, but in 
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which there are strong suggestions that hypersensi- 
tivity may be an important factor. It is suggested 
that the term “allergic” vasculitis be used to designate 
this disorder. 

In a series of 30 living patients with “allergic” 
vasculitis who did not have systemic lupus erythema- 
tosus or periarteritis nodosa, 18 could be classified as 
having one of five clinical syndromes: contact derma- 
titis, with generalized sensitization or “id” reaction; 
urticaria, with angioneurotic edema; vascular pur- 
pura; erythema nodosum; or dermatomyositis. The 
remaining 12 cases could not be classified in any rec- 
ognizable syndrome. 

“Allergic” vasculitis may induce a variety of clini- 
cal manifestations, including arthralgias, edema, pur- 
pura, fever, weight loss, subcutaneous nodules, pneu- 
monitis, dermatitis, muscle tenderness and weakness, 
urticaria, neuritis, gastrointestinal bleeding and renal 
failure. 


In some cases peripheral edema without other ap- 
parent cause may be induced by “allergic” vasculitis. 


Drugs, antibiotics, infective agents and malignant 
tumors at times function as antigens. Vascular dam- 
age probably results from a reaction of antigen and 
antibody fixed in the vessel wall. Removal of the 
antigen, if possible, leads to cure. 


Cortisone and other adrenal steroids have an al- 
most specific effect on the vascular lesions and pro- 
mote healing and sclerosis. The prognosis for re- 
covery is good in all cases except those with renal 
failure. 


Case REpPorTS 


Contact Dermatitis with Systemic or “Id” Reaction 
and Vasculitis 


Case 1 (N.E.C.H. 92-174). A 63-year-old woman had 
had stasis ulcers of the legs for many years that had 
proved resistant to local therapy. Seven days before she was 
seen she applied an ointment containing neomycin, hydro- 
cortisone and gramicidin, and within a few hours there 
was a local reaction, characterized by swelling and ery- 
thema. In 24 hours a generalized eruption appeared, being 
most marked on the face and neck. A biopsy was taken 
from the left upper arm. A vessel deep in the corium 
showed swelling of all 3 coats, leukocytic infiltration of the 
vessel walls and perivascular spaces. Other vessels were 
similarly involved. Conservative dermatologic therapy did 
not bring about any improvement in 3 days. Consequently, 
ACTH and, later, cortisone were given, and there was 
prompt and complete subsidence of the swelling and derma- 
titis. There has been no recurrence. 


Case 2 (N.E.C.H. 92-563). A 58-year-old woman with 
long-standing rheumatoid arthritis while taking ACTH no- 
ticed a rash on the lower abdomen and vulva. ACTH was 
stopped, and the rash spread to the extremities, chest and 
back. Dimethisoquin (Quotane) ointment had been used for 
5 months to control pruritus vulvae. There was an eosino- 
phil count of 19 per cent. A biopsy of a dermatitic area on 
the chest showed an inflammatory reaction, with some locali- 
zation in perivascular areas; capillary endothelium was 
prominent. The dermatitis subsided partially when the di- 
methisoquin ointment was discontinued and conservative 
dermatologic therapy initiated. ACTH therapy was re- 
sumed and the dermatitis promptly disappeared. 
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Urticaria, Angioneurotic Edema and Vasculitis 


Case 3 (N.E.C.H. 88-980). A 40-year-old man had re- 
current, short episodes of angioneurotic edema of the lips, 
hands and feet, with occasional scattered urticarial lesions 
over a period of 2 months. There was moderate derma- 
tographia, but no allergic background. He was found to 
have heart disease with aortic insufficiency, but there was no 
past history of rheumatic fever, and the serologic reaction 
was negative. A biopsy taken from an urticarial lesion on 
the arm showed marked edema and an inflammatory reac- 
tion containing many eosinophils. The process involved 
the blood vessels. In 3 areas there were collections of blood 
vessels resembling glomeruli that were involved in the in- 
flammatory reaction. Antihistamine therapy was unsuc- 
cessful. He was given short courses of ACTH and later 
——" each time with immediate relief for seve 
months. 


Case 4 (N.E.C.H. 95-516). A 53-year-old woman had 
had recurrent urticaria and angioneurotic edema for 8 years. 
No allergies were demonstrable. She obtained no relief 
from elimination procedures. Biopsy of an urticarial lesion 
on the arm showed edema and vasculitis in which eosinophils 
were prominent. Biopsy of an uninvolved area of skin 
showed healed vasculitis. Treatment was directed toward 
control of the emotional state. Antihistamine therapy was 
given symptomatically, and there was moderate improve- 
ment. Steroid therapy was withheld. 


Anaphylactoid Purpura and Vasculitis 


Case 5 (N.E.C.H. 98-737). A 50-year-old man with 
long-standing rheumatoid arthritis had urticaria on the 
arms and below the waist, and edema of the face a few days 
after administration of phenylbutazone. Within 1 week 
purpura developed in some of the lesions and on the legs. 
He had taken the drug 5 years before and again 2 months 
previously, and it caused violent nausea. A biopsy of 1 of 
the urticarial-purpuric lesions on an arm showed acute 
vasculitis (Fig. 1). Cortisone in dosage of 100 mg. per day 
gave only partial relief, but the lesion cleared when the 
dose of cortisone was increased to 300 mg. a day, and did 
not return when it was tapered off to 100 mg. daily, the 
amount necessary to control the symptoms of the arthritis. 


Case 6 (N.E.C.H. 43-641). A 63-year-old man mani- 
fested a severe reaction 5 days after the lst and 3 days 
after the 2d injection of penicillin given for a swollen foot. 
The reaction was characterized by purpura, fever, musc 
pains, peripheral edema and weight loss. Anemia, leuko- 
cytosis, albuminuria and signs of uremia ensued. A biopsy 
of a skin lesion showed an intense necrotizing, exudative 
vasculitis, with destruction of the vessel and thrombosis. 
The course was downhill; oral and rectal ulcers developed, 
and he died in uremia 6 weeks after the initial penicillin 
injection. At autopsy, lesions similar to those previously 
seen in the skin were noted in the rectal mucosa, and the 
kidney showed active glomerulitis (Fig. 6). 


Case 7 (N.E.C.H. 73-118). A 59-year-old man under- 
went a herniorrhaphy. He received a 4-day course of 
penicillin postoperatively. Sixteen days later pleurisy de- 
veloped, and a week later joint swellings, myalgia, and 
purpura began, followed in 2 days by abdominal cramps 
and diarrhea, which became bloody. There were purpuric 
spots over the entire body and pneumonia of the right 
lower lung. The white-cell count was 27,000, and there 
was marked albuminuria. X-ray study disclosed a large 
gastric ulcer from which massive bleeding occurred. A 
moderate degree of uremia developed. Biopsy of the skin 
showed sclerosing edema of the corium, hemorrhage and 
infiltration of isolated vessels with polymorphonuclear leuko- 
cytes. The symptoms and abnormal laboratory findings 
gradually subsided with conservative treatment. Two years 
later the patient was well but still had albuminuria. 


Case 8 (N.E.C.H. 75-304). A 43-year-old man began 
to have episodes of pain, swelling, itching and purpura of 
the legs. Each episode lasted about 1 week, but was quite 
debilitating. In 1949 (at the age of 46) he was seen during 
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1 of these attacks. A biopsy showed an acute, fibrinous, 
inflammatory reaction around blood vessels. ere was 
only minimal cellular infiltration. This episode subsided 
spontaneously. During the next 4 years he continued to 
have similar episodes. On 1 occasion gross hematuria oc- 
curred, and cystoscopy demonstrated purpura in the mucosa 
of the bladder. 

He was seen again in 1953 during a moderately severe 
attack. Biopsy of 1 of the skin lesions showed a much 
more acute fulminating vasculitis, with an inflammatory 
exudate. Symptoms subsided promptly with steroid therapy. 


Case 9 (N.E.C.H. 88-470). A 44-year-old man had a 
nasal discharge, swelling about both ankles, and pain and 
stiffness of legs and ankles for which he received various 
drugs. Later, he lost weight, and fever and a purpuric rash 
developed. ‘The course was intermittent. Eight months 
after the onset there were no other important clinical and 
laboratory findings. A biopsy of 2 of the purpuric skin 
lesions showed focal, acute, necrotizing vasculitis, pannicu- 
litis, hemorrhage and swelling and necrosis of collagen. 
He was treated with full doses of cortisone, with improve- 
ment after 3 months. Cortisone was gradually discontinued, 
and he remained well for 4 months. A purulent nasal 
discharge and 10 days later, for the Ist time, grossly bloody 
urine then developed. Gross hematuria continued and cor- 
tisone therapy was ineffective. Hypertension and uremia 
occurred and could not be controlled. He was transferred 
to another hospital for dialysis on an artificial kidney 
which was unsuccessful, and he died. Autopsy showed 
chronic glomerulonephritis. 


Case 10 (N.E.C.H. 70-900). A 49-year-old man had 
a resection of the right upper lobe for bullous emphysema 
and bronchiectasis. The operation was complicated by a 
bronchopleural fistula, staphylococcal empyema and _ bac- 
teremia requiring intensive postoperative supportive and 
antibiotic therapy. He took chloramphenicol in large and 
later, after discharge from the hospital, in small doses. 
Two weeks after this therapy had been discontinued, a 
urpuric eruption appeared over the legs, and low-grade 
ever developed. He had a normochromic anemia and a 
rapid sedimentation rate, but the platelet count was normal. 
Biopsy of a purpuric lesion showed vasculitis, with hemor- 
rhage in surrounding tissues. The rash subsided spon- 
taneously, and he gradually recovered. 


Case 11 (N.E.C.H. 98-787). A 69-year-old man sud- 
denly noticed multiple purpuric lesions on the extremities, 
some of which were bullous. This occurred 3 weeks after an 
abdominoperineal resection of the rectum for ulcerative 
colitis. He had received chloramphenicol orally for a 
wound infection until 3 days before the purpura began, 
and was also exposed to potassium permanganate and azo- 
chloramid solutions used locally on the operative wounds, 
Biopsy of a purpuric lesion showed severe acute vasculitis. 

therapy was discontinued, and the eruption subsided 
over a 2-week period. 


Anaphylactoid Purpura Combined with Thrombocyto- 
penia 


Case 12 (N.E.C.H. 72-735). A 56-year-old woman be- 
gan to have attacks of paroxysmal atrial fibrillation, for 
which she was given quinidine sulfate, with prompt relief. 
During similar treatment of her 21st attack epistaxis and 
generalized purpura developed. There was marked thromb 
cytopenia, for which she received platelet-rich plasma with 

nefit. A biopsy of 1 of the purpuric lesions showed 
vasculitis involving capillaries, as well as hemorrhage. She 
was found to be thyrotoxic and was successfully treated 
with radioactive iodine. 


Erythema Nodosum with Vasculitis 


Case 13 (N.E.C.H. 66-835). A 43-year-old woman had 


an upper respiratory infection with a sore throat ( ?strepto- 
coccal), for which some tablets were given orally. Two 
weeks later, while she was asymptomatic, a routine x-ray 
examination of the chest showed enlargement of the hilar 
lymph nodes. During the following week red, tender nodules 
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appeared on the legs, together with fever and joint pains. 
Five years previously enlarged hilar lymph nodes had been 
noted on x-ray study but had disappeared spontaneously 
3 years before the present episode. The tuberculin test was 
negative. A biopsy of 1 of the nodular lesions showed an 
acute fulminating vasculitis involving small arterioles and 
capillaries. Treatment with ACTH followed by cortisone 
resulted in prompt subsidence of all symptoms. Four weeks 
later the hilar adenopathy had disappeared. 


Case 14 (N.E.C.H. 70-139). A 20-year-old man had 
fatigue, weakness, cough, fever, dyspnea and palpitation. A 
month later a pea-sized nodule appeared over the lower 
leg. X-ray study of the chest showed round densities 
throughout both lung fields and hilar adenopathy. He 
gradually lost 13.6 kg. (30 pounds) in weight. Three 
months after the onset several nodules appeared on the 
legs. An axillary lymph node was biopsied and demon- 
strated only eosinophilia. Biopsy of 1 of the nodules on the 
legs revealed an active, proliferative, inflammatory reaction 
centered in the walls and about small blood vessels. An 
open biopsy of the lung was performed, and there were 
changes diagnostic of sarcoidosis. He was treated with 
cortisone for 3 months, and all symptoms subsided. X-ray 
examination showed gradual and progressive improvement. 
He has remained well during the ensuing 3 years. 


Case 15 (N.E.C.H. 97-259). A 49-year-old woman had 
a sore throat. At t the same time she had an infected 
rae for which she received an injection of penicillin; 
5'¥% weeks later red, painful, tender nodules appeared on 
both lower legs, and there was a low-grade fever. X-ray 
study of the chest showed patchy infiltration of both lower- 
lung fields and minimal enlargement of the mediastinal and 
hilar lymph nodes. The sedimentation rate was rapid, and 
the serum globulin slightly increased. On biopsy of 1 of 
the nodules a chronic granulomatous panniculitis, prolifera- 
tion of histiocytes and numerous multinucleated giant cells 
were seen. Biopsy of a lymph node from the retroscalene 
area revealed a miliary, granulomatous inflammation con- 
sistent with sarcoidosis; some of this material was injected 
into a guinea pig, but no tuberculosis developed. The 
patient was treated with cortisone, with prompt subsidence 
of the lesions on the legs; however, little change occurred 
in the appearance of the lung lesions over the next month. 
Six months later she reported that she was well. 


Dermatomyositis with Vasculitis 


Casz 16 (N.E.C.H. 51-059). A 63-year-old man noted 
gradually increasing weakness and muscle soreness. About 
3 months after the onset, the face and legs became red 
and edematous, and swallowing became difficult. There 
was only a slight cough. X-ray examination of the chest 
revealed a spherical mass in the left upper lobe that proved 
to be a carcinoma on aspiration of bronchial secretions. 
A muscle biopsy gave evidence of vasculitis and muscle de- 
generation (Fig. 5). The diagnoses of bronchogenic car- 
cinoma associated with dermatomyositis were established. 
Treatment with ACTH was followed by improvement in the 
edema and muscular weakness. A pneumonectomy for 
adenocarcinoma, with dissection of metastatic hilar lymph 
nodes, was successfully carried out. He was maintained on 
intermittent courses of ACTH for 6 months. There has 
been no recurrence of either the dermatomyositis or the 
carcinoma in over 5 years. 


Case 17 (N.E.C.H. 68-029). A 49-year-old woman had 
a pruritic skin rash on the face, chest and extremities that 
continued, becoming worse, after dental extractions and ad- 
ministration of phenobarbital or aspirin. After nearly 1 year 
arthralgias, muscular weakness, peripheral edema and pros- 
tration became apparent. X-ray study of the chest showed 
scarring and questionable cavitation in the upper lobes. A 
short course of cortisone therapy was given, with improve- 
ment in the skin and arthritic symptoms. Cough developed, 
however, and a few acid-fast bacilli were found in the 
sputum on | occasion, but several sputum cultures were 
negative and tuberculosis did not develop in guinea pigs 
after inoculation with sputum. Cortisone was discontinued, 
and the original symptoms returned. A skin and muscle 
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biopsy showed mild vasculitis. Cortisone therapy was re- 
sumed in full doses, but cove with para-aminosalicylic 
acid and streptomycin. The patient gradually improved, 
but treatment was discontinued after 1 month because 
the occurrence of allergic reactions to the antimicrobial 
agents. She has remained well for 2 years. 


Case 18 (N.E.C.H. 55-924). An 18-year-old girl re- 
ceived penicillin for cellulitis of the face. Two weeks later 
muscle pain and arthralgias occurred and became progres- 
sively more severe. Blisters and a scaling dermatitis ap- 
peared about the fingernails, and moderately severe periph- 
eral edema was noted. Biopsy of the skin showed edema, 
perivascular lymphocytic infiltration and vasculitis of small 
arteries, with thrombosis. On biopsy of muscle similar vas- 
cular changes and some necrosis of muscle were seen. She 
had a moderate anemia, slight eosinophilia, a rapid sedi- 
mentation rate, transient albuminuria and slight micro- 
scopic hematuria. Treatment with full doses of cortisone 
caused great improvement, but she did not fully recover 
until 2 years later. Five years later she was well and had 
married and borne a baby, but required small maintenance 
doses of cortisone. 


Vasculitic Edema 


Case 19 (N.E.C.H. 95-009). A 53-year-old man had 
intermittent, nocturnal pain in the distribution of the 
median nerves of both hands. At the same time puffiness 
of the hands and moderate pitting edema of the legs below 
the knees became apparent. Six weeks after the onset numer- 
ous studies gave no evidence of cardiac, renal, hepatic or 
nutritional disease. A biopsy of skin and muscle from the 
calf area showed an acute vasculitis. Cortisone therapy 
(100 mg. every 8 hours) was immediately followed by dis- 
appearance of the neuritic pains and induction of diuresis, 
with a weight loss of 6.4 kg. (14 pounds). Steroid therapy 
was continued, but dosage was gradually reduced to a small 
maintenance level. Six months after the initial biopsy the 
patient was well. On another biopsy, en from a site 
adjacent to the Ist one, both the skin and muscle gave 
evidence of healed vasculitis (Fig. 4). Steroid therapy was 
then withdrawn, but there was a recurrence of neuritis in 
the hands that could only be controlled with small main- 
tenance doses of steroids. 


Case 20 (N.E.C.H. 98-513). A 50-year-old obese man 
had marked pitting edema of the feet and legs for 3% 
en a bluish discoloration was noted on the backs 
of the fingers of the right hand, and within a few months 
both hands became swollen, but not painful. One year later 
(5 years after the onset) he first came under our observation 
and was found to have mild diabetes, mild hypertension, 
hepatomegaly and hypercholesterolemia; extensive studies 
ed out cardiac, renal, hepatic and other endocrine dis- 
eases. A biopsy from the thenar eminence showed chronic 
granulomatous inflammatory reactions in the walls of small 
blood vessels (Fig. 2). Treatment was initiated with a low- 
calorie diet, prednisone and insulin. He had a moderate 
diuresis. Three months later another biopsy demonstrated 
“healing vasculitis” (Fig. 3). His weight had dropped 
from 99.3 to 79.4 kg. (219 to 175 pounds). Five months 
after therapy was initiated the edema had practically disap- 
peared, except on 1 hand, where pitting persisted. Attempts 
to discontinue steroid therapy were unsuccessful, for on 
each occasion edema reoccurred. 


Case 21 (N.E.C.H. 89-152). A 35-year-old woman had 
edema of the feet and legs without apparent cause or as- 
sociated symptoms. Later, puffiness and paresthesias of the 
hands developed. Extensive laboratory and x-ray studies 
were negative, except for slight lowering of the serum 
albumin, which was 2.7 gm. while the globulin was 3.1 gm. 

r 100 ml., and numerous renal calculi. Biopsies from the 
eg showed a moderate inflammatory reaction involving 
small bl vessels in the skin and muscles. Treatment with 
diuretics was unsuccessful, but soon after initiation of cor- 
tisone therapy, diuresis began, and she lost edema fluid 
amounting to 9.1 kg. (20 pounds) of body weight. Attempts 
to eliminate cortisone therapy were unsuccessful 
of the recurrence of edema and paresthesias whenever 
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dosage was reduced below 75 mg. per day. Repeated 
biopsies on 2 occasions showed only minimal changes about 
blood vessels of skin and muscle. 


Unclassified Syndromes with Vasculitis 


Case 22 (N.E.C.H. 61-050). A 58-year-old man had a 
single painful black skin lesion over the left great toe. 
Over the next 2 years multiple similar lesions occurred on 
the legs, arms and ears. ese gradually increased in size 
over a period of about 2 months and then they slowly 
healed, leaving scars. There were no constitutional symp- 
toms. Occasionally, some swelling of the ankles was noted. | 
There was no history of allergy or drug administration. 
The lesions varied from 2 mm. to 5 cm. in diameter and 
were purpuric. The feet became so painful that he was 
unable to walk. Biopsy of a lesion showed an active angiitis 
involving capillaries and venules; there was a cellular exu- 
date rich in eosinophils and fresh hemorrhage into the 
corium; some vessels were throm » and there were 
secondary necrotizing and degenerative changes in the skin. 
Immediate and dramatic improvement of the skin lesions 
followed administration of ACTH. When treatment was 
withdrawn a few petechiae appeared, but these gradually 
— spontaneously and he has had no recurrence for 

years. 


Case 23 (N.E.C.H. 77-279). A 47-year-old man with 
a past history of asthma had spontaneous ascites 3 months 
after a transurethral prostatic resection. Fever, weight loss 
aching and tenderness of the feet and hands and a petechial 
rash in exposed areas then developed. He was found to 
have hepatomegaly, muscle tenderness and sensory loss on 
all extremities. There was no leukocytosis, but an eosino- 
philia (count of 42 per cent) was present. The albumin- 
globulin ratio was reversed. Biopsy of the skin showed an 
acute inflammatory reaction in the capillaries, with hemor- 
rhage; on muscle biopsy degeneration and segmentation 
of sarcoplasm were seen. Cortisone treatment resulted in 
marked improvement but maintenance steroid therapy has 
been necessary (75 mg. of cortisone a day) for over 2 years. 


Case 24 (N.E.C.H. 94-509). A 54-year-old man had a 
productive cough. Six weeks later several muscle groups be- 
came quite painful, and fever and weight loss became ap- 
parent. Laboratory study showed a rapid sedimentation 
rate, a reversed albumin-globulin ratio and markedly de- 
ranged liver function. X-ray study of the chest disclosed 
diffuse interstitial pneumonitis, with small nodular areas. 
A purpuric rash developed. The fever (maximum tempera- 
ture of 103°F.) promptly subsided when iodide therapy was 
discontinued. A muscle biopsy revealed necrotizing arteritis 
involving all 3 coats of the arteries. Cortisone therapy was 
initiated, with gradual, progressive, but only partial im- 
provement. 


Case 25 (N.E.C.H. 65-346). A 56-year-old woman had 
pain and stiffness in various muscles and about joints and 
mild fever over a 2-month period. Subcutaneous nodules 
appeared on the forearms after she took anacin. Biopsy of 
1 of these nodules showed an active inflammatory reaction 
involving medium-sized blood vessels, and on muscle biopsy 
Zenker’s degeneration was evident. ACTH and lIater corti- 
sone therapy over a 9-month period resulted in relief of 
symptoms. Shortly after this therapy was stopped, evidence 
of a partial occlusion of the right axillary artery appeared. 
Cortisone was resumed for 2 months, and all symptoms sub- 
sided. One year after cortisone was discontinued there was 
no evidence of the vasculitis, but the patient had hyperten- 
sion, which had previously not been present. 


Case 26 (N.E.C.H. 52-431). A 22-year-old man no- 
ticed tender lumps in the ski the posterior thorax. 
These persisted, and later cervical and axillary lymphade- 
nopathy was noted. Four months later he had pain in 1 
wrist, and a purplish nodule appeared on 1 forearm. In 
another month a low-grade fever and pain in the leg 
muscles developed. He lost 13.6 kg. (30 pounds) in weight. 
There was a moderate anemia. A skin biopsy showed 
vasculitis involving medium-sized and small arteries and 
veins. Fever and pain subsided, and the nodules disap- 
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peared, when ACTH in small doses was given, but weakness 
and stiffness of the muscles persisted and he was unable to 
walk. The nodules recurred when treatment was discon- 
tinued. A muscle biopsy demonstrated an intense vasculitis 
involving arteries and veins, and there was interstitial 
serous i ammation and some necrosis of muscle, Inten- 
sive therapy with ACTH resulted in a marked improve- 
ment. After 4 months of therapy he was considered well, 
and steroid therapy was discontinued. After 18 months of 
good health there were recurrences of joint pains, sub- 
cutaneous nodules and induration of muscles. A muscle 
biopsy 22 years after the 1st biopsy again showed necrotiz- 
ing vasculitis centered in small arterioles. The symptoms 
again responded to ACTH. 


Case 27 (N.E.C.H. 101-110). A 64-year-old man had 
had a productive cough and dyspnea since an automobile 
accident 6 years previously. During the same time he 
recurring, painful, red-purple skin lesions on the arms and 
legs for a few days. During a 1-year period there was pain 
and swelling of the proximal interphalangeal joints. Labora- 
tory studies showed marked anemia, eosinophilia (count of 
20 per cent), albuminuria and microscopic hematuria, 
nitrogen retention, hyperglobulinemia and a greatly elevated 
sedimentation rate. X-ray examination of the chest showed 
bullous emphysema and saccular bronchiectasis. On biopsy 
of a purpuric skin lesion marked vasculitis was seen. Renal 
biopsy gave evidence of chronic pyelonephritis or glomerulo- 
nephritis. Steroid therapy with withheld because of uremia 
and infection. 


Case 28 (N.E.C.H. 13-847). A 39-year-old man with a 
past history of tuberculosis an ‘hypertension had headache, 
fatigue, epigastric distress and diarrhea, for which he re- 
ceived symptomatic treatment (? sulfonamides). Two weeks 
later migratory arthralgias began. Later, he had pleuritic 
pains and low-grade fever, and was found to have a heart 
murmur, lymphadenopathy, albuminuria, splenomegaly and 
renal failure. Biopsy of a lymph node showed only reactive 
hyperplasia. On a muscle biopsy vasculitis of arterioles was 
apparent. The course was downhill. Petechial hemorrhages 
appeared, and he died of uremia 6 months after the onset 
of symptoms. Autopsy disclosed small hemorrhages tn 
out the kidneys, with engorged and sclerotic glome 
some of which showed “wire-loop” lesions. 


Case 29 (N.E.C.H. 28-400). A 60-year-old woman first 
had a sore throat and then laryngitis, migratory arthralgias 
and erythematous nodules, which appeared and disappeared. 
These symptoms continued with variable severity for 4 
years. Cough, with hemoptysis, sores in the mouth, edema, 
weight loss, abdominal tenderness and episodes of vomiting 
ensu he was anemic, with albuminuria and evidence 
of renal failure. Biopsy of 1 of the subcutaneous nodules 
showed a violent necrotizing vasculitis involving arterioles. 
The clinical course was gradually downhill, and she died in 
uremia about 2 years later. 


Case 30 (N.E.C.H. 29-802). A 46-year-old man gave a 
history of attacks of urticaria arthralgias, each lasting 
approximately 10 weeks and occurring annually each fall 
for 13 years. The Ist attack was associated with diarrhea, 
muscle pain, fever, pneumonitis and eosinophilia. A few 
months before examination he vomited blood and was found 
to have a duodenal ulcer. He gave a history of seasonal 
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allergic rhinitis in the spring and summer. He was ex- 
amined during an episode of urticaria and arthritis and 
found to have fever, anemia, eosinophilia (count of 57 per 
cent), impaired liver function and a pleural effusion. A 
muscle biopsy showed a moderate vasculitis involving small 
arterioles. There was no microscopical or immunologic 
evidence of trichinosis. He was given aspirin and Pyriben- 
zamine. The symptoms gradually subsided over a 4-month 
period. Seven years later (at the age of 53) he reported 
that urticaria and joint symptoms recurred from time to 
time, but that he was not incapacitated and as able to 
work every day. 
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EASTERN EQUINE ENCEPHALOMYELITIS IN MASSACHUSETTS IN 1955* 
Report of Two Cases in Infants 
D. Winter, Jr., M.D.+ 


BOSTON 


HE virus of eastern equine encephalomyelitis, on 
invasion of the human central nervous system, 
can result in an acute febrile illness, with rapid de- 
velopment of coma and convulsions, that is fre- 
quently fatal, occasionally allows survival with per- 


Ficure 1. Section of the Pons in Case 1, Showing Peri- 
vascular Cuffing, with Neutrophilic and Mononuclear Cells 
(Hematoxylin and Eosin Stain X250). 


manent brain damage, or less often subsides, with 
complete recovery. 

This agent was first demonstrated to be pathogenic 
for man in the course of an epidemic of 38 cases in 
eastern Massachusetts in the late summer and autumn 
of 1938.** During the next ten years small groups 
of cases were recognized in coastal regions of Texas 
and Louisiana,*® and in 1948-49 a circumscribed 
epidemic of 13 cases occurred in the Dominican 
Republic.” 

The purpose of this paper is to report 2 cases oc- 
curring in infants in eastern Massachusetts during 


*From the departments of Pediatrics and Pathology, Harvard Medi- 
cal School and the Children’s Medical Center. 

¢Instructor in pediatrics, Harvard Medical School; research associate, 
Division of Laboratories and Research, and assistant physician, Chil- 
dren’s Medical Center 


the poliomyelitis epidemic of 1955, to review the 
current and interim occurrence of this disease in 
human and nonhuman hosts and to consider the 
present knowledge of the epidemiology of the disease. 


Case REporTS 


Case 1. S.R.S. (C.M.C. A-435215), a 7-month-old boy, 
was admitted to the Children’s Medical Center on October 
20, 1955, with a tentative diagnosis of poliomyelitis. Six 
days previously the parents and a 4-year-old sibling had 
had mild afebrile diarrhea lasting for 2 or 3 days. Two days 
before entry fever developed (with a maximum temperature 
of 101°F.), suddenly rising to 104°F. during the night before 
entry; at that time examination was negative except for 
the fever. Re-examination on the day of entry showed a 
temperature of 104°F., a slightly stiff neck, drowsiness and 
no localizing neurologic signs. The white-cell count was 

,000; the spinal fluid had a normal sugar content and 
contained 30 white cells per cubic millimeter, with 40 per 
cent neutrophils, no bacteria on smear or culture and a 
total protein of 15.6 mg. per 100 ml. Within 6 hours the 
spinal-fluid count had risen to 1550, with 94 per cent 
neutrophils and normal sugar; the temperature was 105°F., 
and the patient was comatose. Because of the possibility of 
ees, antibiotic and intravenous fluid therapy was 

gun. 

Seventeen hours after admission, after a gradual fall in 
temperature to 101°F., a symmetrical generalized tonic- 
clonic convulsion began that could be controlled only with 
extensive use of paraldehyde and ether; the clonic nature of 
the seizure gradually assumed a fine, fluttering character 
and then ceased 26 hours after entry. The peripheral 
white-cell count was now 45,000, with a marked shift to 
the left; the spinal fluid contained 2100 cells per cubic 
millimeter, with 60 per cent neutrophils and a total protein 
of 65 mg. per 100 ml. 

The patient continued to be comatose, but his condition 
was stable, with a temperature of 101°F.; reflexes were 
absent; the right pupil became dilated, but the optic fundi 
remained normal; edema developed in the eyelids, scrotum 
and legs. Forty-eight hours after entry respirations ceased; 
an endotracheal tube was inserted and he was satisfactorily 
maintained in a respirator for 6 hours, after which circula- 


tion failed and he died. All spinal-fluid cultures had re- 


mained negative. 

Post-mortem findings of significance were limited to the 
brain, which weighed 1080 gm. (normal, 691 gm.). When 
the skull was opened the cerebrum out under pres- 
sure; the convolutions were flattened, and the consistence 
soft; vessels were congested; a pressure cone was present. 
There were no petechiae or exudate; the ventricles were 
not dilated. 

Microscopical examination showed perivascular cuffing, 
with lymphocytes and neutrophils as well as some diffuse 
cellular infiltration (Fig. 1 and 2). There was no hemor- 
rhage. The neurons were shrunken and surrounded by 
phagocytic cells. No inclusion bodies were seen. These 
changes were most marked in the pons and hippocampus, 
less pronounced in the cerebrum and spinal cord, and absent 
in the medulla and cerebellum. 

Sections of the brain were homogenized in phosphate 
buffer and inoculated intracerebrally into 20-gm. mice 
(Carworth Farms, Webster strain). An agent causing death 
with ataxia and stupor in 3 or 4 days was carried through 
5 mouse passages, with an L.D.» of approximately 4 x 10°" 
ml. of infected mouse brain. Hippocampal lesions were 
striking (Fig. 3). The agent was identified as the virus 
of eastern equine enc yelitis by the United States 
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Public Health Service Communicable Disease Center, Mont- 
gomery, Alabama, with the mouse neutralization test. 


Case 2. T. D. (B.F.H. 24925),* an 11-month-old boy 
from South Weymouth, Massachusetts, entered the Bos- 
ton Floating Hospital on September 14, 1955, in coma. 
Three days before entry the temperature rose rapidly to 
105°F., with the onset of a left-sided clonic convulsion; 
there was a brief period of diarrhea. Progressively increas- 
ing drowsiness developed, with intermittent convulsions only 
partially controlled by phenobarbital; the temperature sub- 
sided, and respiration was well maintained. The patient 
was hospitalized because of failure to feed. 

On physical examination he responded only to painful 
stimuli, and had a flat fontanelle and constricted, non- 
reactive pupils; the extremities were limp, but deep tendon 
reflexes were present and symmetrical; plantar stimulation 
gave dorsiflexion; the neck resisted flexion. 

The temperature was 99.4°F., the pulse 122, and the 
respiration 24. 

Lumbar puncture showed 326 cells, largely lymphocytes, 
per cubic millimeter. The sugar was diminished (negative 
5-tube test), but smear and culture were negative. The 
white-cell count was 19,400, with 82 per cent neutrophils. 
Subdural taps were negative. 

cause of an initial suspicion of meningitis, antibiotic 
therapy was instituted but was without effect. Convulsions 
continued for 48 hours despite the use of phenobarbital and 
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Acute-phase and convalescent-phase serum samples ex- 
amined at the United States Public Health Service Com- 
municable Disease Center, Montgomery, Alabama, showed 
a rise in complement-fixation titer diagnostic of eastern 
equine encephalomyelitis. 


The marked rise in spinal-fluid and peripheral 
white-cell counts expected in this disease was not 


Ficure 2. Section of the Pons in Case 1, Showing Neuro- 
nolysis and Diffuse Infiltration with Neutrophilic and Mono- 
nuclear Cells (Hematoxylin and Eosin Stain X250). 


Dilantin. The fever did not recur. An electroencephalo- 
gram showed no abnormality. The patient was digitalized 
because of a rising pulse and respiratory rate and increasing 


heart size, and responded well. : : 

Consciousness was never regained, the patient remain- 
ing completely vegetative, but adequate nutrition was 
maintained by gavage feeding. He was discharged on No- 
vember 4. Six months after the onset of the illness his 
condition remained unchanged. 


“Included with the permission of Dr. James M. Baty. 


Ficure 3. Section of the Hippocampus of a Mouse In- 

fected with Virus from Case 1, Showing Progressive Destruc- 

tion of the Pyramidal Cells of the Stratum Lucidum (Hema- 
toxylin and Eosin Stain X30). 


The animal was killed, and the brain fixed at once to avoid 
post-mortem changes, to which this area is very susceptible. 


observed here, presumably because the most acute 
stage of the disease had passed before entry to the 
hospital. The low spinal-fluid sugar on admission 
may be attributable to three days of inanition during 
severe illness. Contrary to the situation with men- 
ingitis, one cannot believe that earlier hospitalization 
would have altered the ultimate outcome. 

Neither patient had had any unusual exposure to 
mosquitoes. 


Discussion 


The clinical features of both these cases and the 
pathological findings in Case 1 are entirely consistent 
with those reported by Farber et al.* It should be 
noted, however, that neither the clinical nor the 
pathological picture is specific for this type of en- 
cephalitis. St. Louis, western equine and herpes- 
simplex encephalitis exhibit many of the same fea- 
tures. However, elevation of the peripheral and 
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spinal-fluid white-cell counts, and predilection for 
hippocampal lesions are particularly pronounced 
with the virus of eastern equine encephalomyelitis. 

In 1938, when human cases were first recognized, 
there was a circumscribed epidemic in southeastern 
Massachusetts, west of Cape Cod (Norfolk, Plym- 
outh, and Bristol Counties). Between June 4 and 
October 15, 248 horses died of encephalitis, with 68 
cases occurring during the week of August 27. Dur- 
ing the same period there were at least 38 proved or 
probable casés in human beings, with a peak inci- 
dence in the week of September 3. 

Because of the interest stimulated by this epidemic, 
encephalitis in human patients was made reportable, 
but the Massachusetts Department of Public Health 
records no further cases until the reappearance here 
reported. A scattering of cases in horses and mules 
has continued to appear; Table 1 shows the occur- 
rence in these hosts over the past eighteen years. 
Attack rates cannot be estimated because of lack of 
accurate figures on annual equine population.* In 
addition, an infected catbird (Dumetella carolinensis) 
was shot in Bridgewater in 1953, in the same county 
where two horses died in that year.® 

In 1955, between August 18 and October 4, 44 
horses died of eastern equine encephalomyelitis in 
Bristol, Norfolk, Plymouth, Middlesex and Worcester 
counties, with a peak incidence during the week of 
August 28. In addition, the disease was identified in 
domesticated pheasants in Swansea, Mattapoisett, 
Millis and Norfolk. Four proved cases appeared in 
human beings, from South Weymouth (September 14, 
as mentioned above), Brighton (September 25), 
Hingham (September 26) and Norwood (October 
19, as mentioned above).* The geographic distribu- 
tion is shown in Figure 4. 

The 1955 summer season had been exceptionally 
rainy, with 17.09 inches of rain in August. The situa- 
tion had been similar in 1938, with 15.76 inches in 
June and July after a wet spring. The only other 
moderately wet season between these years was 1946, 
with 9.92 inches in August after several abnormally 
dry months. The normal mean monthly rainfall in 
this area at any season is 3 to 3.5 inches.® 

Elsewhere, the disease has been reported infre- 
quently. Coastal Texas experienced a few cases in 
1941 and thereafter, and there were at least 10 
human cases in Louisiana in 1947.4 There were 20 
recorded avian outbreaks on New Jersey pheasant 
farms in the years 1947-1951.'° In 1954 there were 4 
proved or probable equine cases in Wisconsin, but 
human beings were not known to be affected." Re- 
covery of the virus from chicken mites and lice in 
Tennessee was reported in 1948.'* A carefully studied 
epidemic in the Dominican Republic in 1948-49 in- 


Bureau o ndustry, and from the Commonwealth o u- 
setts, De nt of A ture, Livestock Disease Control Section. 
The n v varied between 10,000 and 20 
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cluded 13 human and 516 equine cases in a three- 
month period.” Hence, it is clear that the virus is 
widely distributed, but conditions leading to dis- 
semination to man appear to occur infrequently. 
Recently, quantitative data on the spread of the 
virus have been reported.**"?® Although it has been 
evident for some years that mosquitoes can transmit 
the disease experimentally, these studies have demon- 
trated, first, that the virus multiplies in susceptible 
mosquitoes so that the insect, after a two-week in- 
trinsic incubation period, remains infective for a 


Taste 1. Eastern Equine Encephalomyelitis in Horses and 
Mules in Massachusetts, 1938-1955.* 
YEAR No. or Cases Fatauity Rate 
% 
1935 0 one 
1936 0 on 
1937 0 ie 
1938 297 93.2 
1939 15 73.3 
1940 8 50.0 
1941 0 —_ 
1942 6 33.07 
1943 2 100.0 
1944 2 50.0 
1945 0 _ 
1946 + 75.0 
1947 1 100.0 
1948 2 100.0 
1949 1 100.0 
1950 1 100.0 
1951 0 — 
1952 1 100.0 
1953 2 100.0 
1954 0 wu 
1955 44 100.0 


* an ual f Uz. S. i > 
of Dept. of Agriculture, Bureau of 


+Some of these cases occurred in March & diagnosis therefore suspect. 


month or two; secondly, different mosquito species 
vary in the host-blood virus titer necessary to infect 
them, and, finally, although the dose of virus inocu- 
lated by an infected mosquito varies greatly, some 
individual mosquitoes have been demonstrated to have 
inoculated a dose fatal to a horse. Studies of anti- 
bodies in wild birds in an endemic swamp area in 
Louisiana showed that large wading birds (such as 
egrets and ibises) have a high incidence of neutraliz- 
ing antibodies whereas small songbirds, such as the 
redwing blackbird (Agelaius phoeniceus), lack anti- 
bodies. When experimental infections were under- 
taken, the wading birds showed low mortality, but a 
“subinfective” virus titer whereas the redwings and 
other small songbirds had high virus titers but died 


/ 
*There is disagreement between the figures for annual equine popu- 


Vol. 255 No. 6 


within 24 to 48 hours. An intermediate but probably 
highly significant position was occupied by the grackle 
(Quiscalus quiscula), which maintained a titer far 
above the mosquito infective level for many days but 
failed to succumb. The horse (and perhaps by anal- 
ogy the human being) was considered to be merely 
a “dead-end” or “indicator” species in the natural 
epidemiologic chain: the maximum viremia in ex- 
perimentally infected horses barely reached the in- 
fective level for the most susceptible mosquito species. 
Pursuit of studies such as these will undoubtedly 
clarify the epidemiologic problem. . 

Certain evidence suggests, however, that the mos- 
quito is, of importance only in certain seasons and in 
certain situations. The occurrence of cases in human 
patients and horses has regularly ceased with the 
advent of dry or cold weather — in other words, 
factors limiting the mosquito population. But on 
pheasant farms it has been noted that an epizootic 
may be severe in one pen but spare adjacent pens, 
and one such outbreak in Chester, New Jersey, con- 
tinued until December 5, well after frost.1° Such 
observations suggest transmission by an ectoparasite 
rather than the mosquito. The presence of the virus 
of eastern equine encephalomyelitis in chicken mites 
and lice has been proved’*; demonstration of ability 
of these arthropods to maintain this virus through 
a period of dormancy and subsequently to transmit 
it to susceptible hosts would go far to explain the 
‘“‘wintering-over” problem and the seasonal incidence 
of the recognized disease, but Chamberlain and Sikes*° 
have found bird mites to be very inefficient vectors 
of the virus for baby chicks in the laboratory. 


Experimental data‘*!® indicate that variations 
in severity of the disease in different individuals of 
a species may be at least in part a function of dose 
of inoculum. It is possible with a sufficiently small 
inoculum in the horse to cause development of 
neutralizing antibodies without detectable viremia 
or clinical symptoms. A larger dose also results in 
viremia, and with a still greater inoculum, viremia 
is associated with a transient febrile episode. Finally, 
a sufficiently large inoculum produces, in addition 
to prodromal symptoms and viremia, a subsequent 
full-blown clinical encephalitis leading to death or 
occasionally to recovery with or without sequelae. 
The. initial development of neutralizing antibodies 
coincides with subsidence of the viremia and pre- 
cedes slightly the onset of clinical evidence of central- 
nervous-system disease. 


These considerations suggest that there should be 
evidence of mild or subclinical disease in human be- 
ings. Two cases in adults in Massachusetts in 1955 
(Brighton and Hingham), with complete recovery 
after mild encephalomyelitis, are reported currently 
by Webster in the succeeding article in this issue of 
the Journal. Only 1 of the 1938 Massachusetts cases 
ended in complete recovery.”* 
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Studies in the Dominican Republic epidemic 
showed neutralizing antibodies against eastern equine 
encephalomyelitis in 17 per cent of asymptomatic 
persons over eleven years of age in the epidemic area 
(children under eleven were vaccinated during the 
outbreak) but none in the surrounding dry areas.’ 
In Louisiana, in 1947, 2 household contacts of pa- 
tients had neutralizing antibodies without a history of 
disease. But in a study of the Louisiana region 
where the wild-bird studies mentioned above were 
performed in an area where the disease is enzootic 
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Ficure 4. Map of the Counties of Eastern Massachusetts,, 
Showing the Distribution of Eastern Equine Encephalo- 
myelitis in Various Hosts in 1955. 


in horses and presumably in birds, only 4 of 51 men 
who had spent over ten years lumbering in the 
swamp had neutralizing antibodies. All of 18 nearby 
farmers lacked antibodies.*® 

The conditions necessary for the appearance of 
eastern equine encephalomyelitis in man are not en- 
tirely clear. An abundance of mosquitoes is a pre- 
requisite, and this is in turn favored by an ab- 
normally wet period followed by a warm dry spell. 
These conditions were present in the two Massachu- 
setts outbreaks, but apparently no abnormal precipi- 
tation preceded the Louisiana outbreak, and that in 
the Dominican Republic was stated to be in a season 
of normal rainfall. The accumulation of susceptible 
persons is of no importance, since immunity appears 
to be the exception. The frequency of disease in 
horses is likewise unimportant, except as an indica- 
tion of the presence of disease, if the horse is truly 
unable to infect the mosquito. And since the vector 
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species of arthropods and the wild-host species of 
birds are at the moment not definitely known, the 
existence of or the circumstances favorable for a wild 
epizootic are not likely to be recognized. However, it 
is reasonable to assume that a wild epizootic must 
precede overflow to horses and to man and that the 
presence of an enlarged mosquito population must 
favor both epizootic and overflow. Bird ectoparasites 
seem unimportant in human disease; although bird 
mites may attack human beings, no direct or circum- 
stantial evidence of such transmission has been 
reported. 

No efforts were made to ascertain the probable 
mosquito vector in Massachusetts in 1955. In a 
mosquito study in 1939,?* Aedes vexans was impli- 
cated on the basis of frequency and widespread dis- 
tribution, A. triseriatus being found to be only 7 to 20 
per cent as common in most areas, and A. sollicitans 
ranging a maximum of 15 miles away from salt water. 
However, Chamberlain et al.?® have recently shown 
that A. sollicitans and A. triseriatus have a vector 
efficiency for eastern equine encephalomyelitis about 
four times as great as that of A. vexans, so that no 
specific assumption can be made. Only 3 of the 1955 
cases in horses and 2 outbreaks on the pheasant farms 
occurred more than 15 miles from salt-water estuaries. 


Control of the disease in human beings, therefore, 
seems to rest largely on general regional methods of 
mosquito control, with increased attention to ab- 
normally wet seasons. Active immunization with 
inactivated chick-embryo-grown virus is feasible** and 
presumably reduced the number of cases in the 
Dominican Republic outbreak.” Immunization ordi- 
narily is used only on a small scale, however, either 
after recognition of the presence of an epidemic or 
for the protection of laboratory workers. The im- 
munity requires frequent renewal and is unlikely to 
become a general procedure. Horses may be similarly 
protected, but for reasons stated above this would 
presumably fail to affect human incidence. 

It is probable that the disease in human patients is 
not always recognized, and it is particularly possible 
that in 1955 mild cases were mistaken for an enceph- 
alitic form of poliomyelitis. Proper laboratory pro- 
cedures are essential to confirm the diagnosis: a 
seventeen-month-old baby was seen at this hospital 
in September, 1955, with an illness that was clinically 
and pathologically consistent with eastern equine 
encephalomyelitis, but the virus of herpes simplex was 
the only agent isolated. It is therefore imperative to 
obtain acute-phase and convalescent-phase serum for 
neutralization and complement-fixation tests, or post- 
mortem brain for animal inoculation.* Virus isola- 
tion from the brain becomes difficult within four or 
five days after the onset of encephalitis, but neutraliz- 
ing antibodies rise rapidly after this period. 


*Fresh-frozen material, whole or nized in buffer 
in a 20 cent suspension, should be at “70°C. instructions 
for handling sought from the Laboratory. 
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SuMMARY AND CONCLUSIONS 


Two cases of eastern equine encephalomyelitis in 
infants, 1 fatal and 1 leading to severe, permanent 
brain damage, occurring in eastern Massachusetts in 
the autumn of 1955, are reported. In addition there 
were in the same outbreak 2 cases in adults, without 
sequelae, 44 fatal cases in horses and 4 extensive out- 
breaks in pheasant farms. 

The experience in this area since the first human 
outbreak in 1938 is reviewed, and the present knowl- 
edge of the epidemiology of the disease is considered. 

It is probable that the virus is enzootic in wild birds, 
in which mites and lice, as well as mosquitoes, may 
play a part in transmission, and that conditions favor- 
able for increase in mosquito populations are associ- 
ated with overflow into equine and human popula- 
tions. The fact that the virus titer developed in the 
horse is not infective for the mosquito suggests that 
this quadruped is merely an “indicator” species rather 
than a link in the epidemiologic chain. Control of 
the disease in human beings may be accomplished by 
mosquito-control measures and in certain situations 
by active immunization. 

I am indebted to Dr. R. F. Feemster, Massachusetts De- 
partment of Public Health, and Dr. William Shannon, 


Massachusetts Department ‘of Agriculture. The photo- 
micrographs were prepared by Mr. John Carabitses 
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EASTERN EQUINE ENCEPHALOMYELITIS IN MASSACHUSETTS* 
Report of Two Cases, Diagnosed Serologically, with Complete Clinical Recovery 
HENRY DE F. WesstTeEr, M.D.f 


BOSTON 


diseases of the nervous system, except 
mumps, poliomyelitis and herpes zoster, are extra- 
ordinarily rare in New England. Although patients 
on the wards of general hospitals are frequently sus- 
pected of having viral meningitis or encephalitis, 
such diagnoses are seldom confirmed by appropriate 
laboratory tests or post-mortem examination. 

During the summer of 1955, at the peak of the 
poliomyelitis epidemic, 2 cases with a clinical picture 
consistent with a viral i halitis were ob- 
served on the Neurology Service of the Massachusetts 
General Hospital. They differed from the usual cases 
of poliomyelitis and were suspected of being some 
other type of neurotropic viral infection. Antibody 
determinations on serum obtained during the acute 
and convalescent phases of the illness led to the dis- 
closure that, in both cases, the disease was due to 
the virus of eastern equine encephalomyelitis. Since 
these were the first cases known to have occurred in 
this geographic area since 1938, and since the clinical 
picture deviated from that seen previously, it was 
thought advisable to call them to the attention of the 
medical profession and to review, briefly, some of 
the important characteristics of this disease. 

In the United States, encephalitis in horses was 
first shown to be due to a virus immunologically dis- 
tinct from that of Borna disease by the studies of 
Meyer et al.* that followed the 1930 epidemic in 
California’s San Joaquin Valley. In an address to 
the American College of Physicians in 1932 Meyer’ 
outlined the essential clinical and pathological fea- 
tures of the equine disease and mentioned that 3 
cases of encephalitis in human beings had been re- 
ported, in 1 of which post-mortem examination 
showed lesions in the brain similar to those described 
in horses. In 1933 a second filtrable virus was iso- 
lated from diseased horses in an epidemic in Virginia, 
Delaware, New Jersey and Maryland, thus establish- 
ing the existence of eastern and western types of 


*From the Neurology are. Massachusetts General Hospital, and 
the Department of N Harvard Medical Schoo 
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d Medical School; resident in 
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equine encephalomyelitis.* By 1934 workers in two 
laboratories had demonstrated that several species of 
mosquitoes could serve as a possible vector for the 
viruses of both types.*> The relation between the 
human and equine forms of the disease was further 
defined by a brief report of 6 human cases of enceph- 
alitis during August and September, 1937, in Northern 
Minnesota.® All the patients were farmers, and 5 
had had contact with sick horses. Two died after 
an acute illness of four or five days’ duration, and 
post-mortem examination in 1 showed severe degen- 
eration of nerve cells in the cervical cord, with nests 
of lymphocytes, a mild lymphocytic reaction in the 
meninges and perivascular cuffing throughout me- 
dulla, midbrain and cerebral cortex. A rise in neu- 
tralizing antibody titer for the western form of the 
disease was demonstrated in 1 of the patients who 
recovered. 

In the following year 34 human cases of eastern 
equine encephalomyelitis occurred in Massachusetts, 
with a 74 per cent mortality. In 9 patients, virus 
was isolated from the brain, and 8 others had char- 
acteristic brain lesions at port-mortem study. Ten 
had a significant rise in neutralizing antibodies, and 
7 other fatal cases without autopsy were thought to 
be consistent with the characteristic clinical picture. 
The clinical features, pathology and technic of virus 
isolation were outlined in numerous reports.7"** Sub- 
sequently, the clinical status of the survivors was 
described after one’? and nine years.’* From 1938 to 
1955, no human cases were reported in Massachusetts, 
and a review of the literature yields only 18 others 
from all parts of the United States.1*-*7 


Case REPORTS 


Case 1, M.G.H. (906894), a 40-year-old male shipping 
clerk i in Hingham, Massachusetts, was admitted to 
the Neurology Service on September 26, 1955. Nine days 
previously he had noted rhinorrhea, malaise and an unusual, 
severe aching in his muscles. He remained at home for 4 
days and then felt well enough to return to work. Late in 
the afternoon of the day before admission, he first noted a 
steady, bifrontal headache that gradually increased in sever- 
ity. On retiring, he was unable to sleep and had several 
brief episodes during which his arms and legs “shivered.” 
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These were unaccompanied by a change in state of con- 
sciousness, feverishness or chattering of teeth. At midnight, 
he got up and, while preparing coffee, had another “shiver- 
ing spell.” The temperature was 101°F. A few minutes 
later he had a generalized tonic-clonic seizure lasting 1 
minute. He was given 600,000 units of procaine penicillin 
and Demerol by a physician and remained unresponsive for 
the next 11 hours; he then had another generalized seizure. 
Four hours later, on the Emergency Ward, he had 2 more 
tonic-clonic convulsions beginning with head turning to the 
right. No other member of the family had had a similar 
illness. Early in September a distant neighbor’s horse had 
been sacrificed after a clinical diagnosis of encephalitis had 
been made by a veterinarian. With this exception there 
were no sick horses, pets or other farm animals in the neigh- 
borhood. The past and family histories were noncontribu- 
tory. 

Physical examination showed a well developed and well 
nourished man. He was comatose, his only response being 
withdrawal of the limbs from painful stimuli. He had a 
small laceration of the lip and mild nuchal rigidity. The 
remainder of the general examination was normal. No ab- 
normalities of the cranial nerves were found. Movements 
of the limbs evoked by painful stimuli were co-ordinate. 
There was no abnormality of posture or tone. The tendon 
reflexes were equal and active, as were the abdominal and 
cremasteric reflexes; the plantar reflexes were flexor. 

The temperature was 99.4°F., the pulse 96 (with normal 
sinus rhythm) and the respirations 20. The blood pressure 
was 115/80. 

Examination of the blood showed a hemoglobin of 14.8 
gm. per 100 ml. and a white-cell count of 11,900. The 
blood Hinton test was negative. The cerebrospinal fluid 
was under a pressure equivalent to 160 mm. of water and 
contained 100 white cells per cubic millimeter, of which 50 
per cent were neutrophils and 50 per cent lymphocytes, 
with a total protein of 63 mg. and a sugar of 97 mg. per 
100 ml. The spinal-fluid Hinton test was negative as was 
heterophil-antibody agglutination, and 2 blood cultures 
showed no growth. 

The seizures were controlled by Dilantin and phenobarbi- 
tal; fluid and electrolyte balance were maintained by in- 
travenous infusions. On the following day, he was still 
comatose. Both eyes deviated slightly to the right, and 
there was a mild right-sided hemiparesis affecting the face, 
arm and leg. The biceps, radial and ankle reflexes were 
absent bilaterally, and both plantar reflexes were still flexor. 
The white-cell count was 20,500, with 75 per cent neutro- 
phils, 17 per cent lymphocytes and 8 per cent monocytes. 
An electroencephalogram was abnormal, showing random, 
asynchronous, diffuse, slow activity bilaterally that was 
prominent in the frontal regions. A 2d lumbar puncture 
revealed a cerebrospinal fluid under a pressure equivalent 
to 320 mm. of water, containing 141 white cells per cubic 
millimeter, with 60 per cent lymphocytes and 40 per cent 
neutrophils and a total protein of 156 mg. and a sugar of 
113 mg. per 100 ml. X-ray films of the chest and skull 
were normal. 

No further seizures occurred, but the patient remained 
critically ill until the 5th hospital day, when he became 
more responsive. On the following day he took fluids by 
mouth and spoke for the Ist time. Six days after admission 
he was alert and oriented, and within 2 more days, he was 
walking around the ward. On October 7, 3 days before 
discharge, a 3d lumbar puncture was performed: the cere- 
brospinal-fluid pressure was equivalent to 215 mm. of water, 
and the fluid contained 29 white cells per cubic millimeter; 
the total protein was 49 mg. and the sugar 80 mg. per 100 
ml. A 2d electroencephalogram revealed 3-per-second slow 
waves that were more prominent over the left cerebral 
hemisphere. The patient was next seen in the Outpatient 
Department on October 31, when detailed physical and neu- 
rologic examinations were negative. Lumbar puncture re- 
vealed normal cerebrospinal-fluid pressure containing 3 
lymphocytes per cubic millimeter, with a total protein of 36 
mg. per 100 ml. The electroencephalogram showed a re- 
turn toward normal, with only occasional slow waves fron- 
tally. He returned to work and, 3 months later, was asymp- 
tomatic. 


Case 2. (M.G.H. 906861), a 48-year-old housewife liv- 
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ing in Brighton, was admitted to the Neurology Service on 
September 25, 1955. Ten days previously, she had a tem- 
perature of 102°F., which subsided after 6 hours. On the fol- 
lowing day, she did her housework and was able to help out 
in the family store during the evening. No further symp- 
toms occurred until 5 days before admission, when, after a 
quick lunch and while she was hurrying from the house, 

er “mind went blank” for several moments. No faintness, 
weakness, vertigo, headache or change in visual, sensory 
and motor function were noted. She did not feel better 
during the rest of the day but carried on with her usual 
activities. On the next day she had a poor appetite, and 
felt slightly dizzy and nauseated. Generalized, steady head- 
ache appeared during the evening. Three days before ad- 
mission, her headache was worse and on sitting up, she had 
definite vertigo, diplopia with horizontal displacement of 
images and an unsteadiness of gait that was so marked that 
she had to be assisted when walking. She felt slightly fever- 
ish and noted that sudden changes in head position increased 
her dizziness. A physician, who saw her later in the day, 
found her temperature normal, and prescribed Dramamine. 
By evening, she was slightly confused, and her headache 
was worse. During the remaining interval before admission, 
she was confused and was later unaware of what had hap- 
pened. Her family remarked that her headache, dizziness 
and confusion had become worse. She was drowsy and un- 
able to eat or drink because of nausea. She vomited several 
times daily and was too ataxic to walk. 

She had not been exposed to sick animals or to another 
person with an infectious illness. The family and past his- 
tories were noncontributory. 

Physical examination showed a somnolent and slightly 
confused woman. She was oriented, could answer simple 
questions briefly and could follow commands but was un- 
able to carry on a conversation. Her attention span was 
brief and her affect was described as “flat.” There was a 
slight asymmetry of the face but no definite weakness; the re- 
maining cranial nerves were normal. The neck was moder- 
ately stiff on forward bending. There were no abnormal- 
ities of motor power, tone, co-ordination or sensation. The 
tendon reflexes were graded as +++; the abdominal re- 
flexes were absent, and the plantar reflexes were flexor. 

The temperature was 99.2°F., the pulse 100 and regular, 
and the respirations 12. The blood pressure was 105/60. 

Examination of the blood disclosed a hemoglobin of 13 
gm. per 100 ml. and a white-cell count of 26,000, with 91 
per cent neutrophils, 5 per cent lymphocytes and 4 per cent 
monocytes. The urine was normal except for a ++ test 
for albumin and 10-20 white cells per high-power field in the 
sediment. Lumbar puncture showed a cerebrospinal-fluid 
pressure equivalent to mm. of water, with 415 white 
cells per cubic millimeter, 85 per cent of which were lym- 
phocytes and 15 per cent neutrophils. The total protein 
was 107 mg., and the sugar 71 mg. per 100 ml. The blood 
Hinton test and heterophil-antibody agglutination were 
negative. 

The patient received fluids parenterally and improved 
steadily from the time of admission. On the following day, 
x-ray films of the chest and skull were normal. An electro- 
encephalogram was markedly abnormal, showing random, 
diffuse slow waves over both cerebral hemispheres. Five 
days after admission, she was ambulatory and asymptomatic, 
and on October 3, the day before discharge, the white-cell 
count was 9500. A 2d lumbar puncture revealed clear 
cerebrospinal fluid under a pressure equivalent to 105 mm. 
of water, with 45 lymphocytes and a total protein of 59 mg. 
per 100 ml. She was seen at monthly intervals, and there- 
after remained asymptomatic, exhibiting no neurologic ab- 
normalities. 


Three serum samples from each patient were for- 
warded through the Massachusetts Department of 
Public Health to the Communicable Disease Center, 
Montgomery, Alabama, for complement-fixation and 
neutralization tests, the results of which are presented 
in Table 1. The complement-fixation tests were 
negative for western equine encephalomyelitis, St. 
Louis encephalitis, lymphocytic choriomeningitis and 
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mumps; in Case 1, the third serum specimen was 
negative for herpes simplex as well. 


Discussion 


Since immunologic crossreactivity has never been 
convincingly demonstrated for eastern equine enceph- 
alomyelitis'*-*! the serial rise in antibody titer by both 
neutralization and complement-fixation tests makes 
the diagnosis virtually certain. It is of interest that 
neither patient admitted to any direct exposure to 
sick horses; no members of either family and no 
infants or children were ill in their immediate neigh- 
borhoods. Also, although Case 1 had a history and 
clinical course closely approximating other descrip- 


TABLE 1. Serial Antibody Titers for Eastern Equine En- 
cephalomyelitis. 
PATIENT Date or SAMPLE COMPLEMENT NEUTRALIZATION 
FIxaTION INDEX 
(Case 1) 9/26/55 <1:2 214 
10/10/55 ++ at 1:2 320 
11/21/55 1:8 1450 
(Case 2) 9/26/55 1:8 320 
10/18/55 1:16 670 
11/29/55 1:64 1450 


tions,*** he never had more than 141 white cells per 
cubic millimeter in his spinal fluid, 60 per cent of 
which were lymphocytes. Case 2, although mildly 
confused and somnolent for several days, was chiefly 
bothered by vertigo, nausea and ataxia. 

To suggest that these cases are atypical assumes a 
knowledge of the clinical variants of the disease, host 
population, vectors, routes of entry, factors responsible 
for resistance and mechanism of human immunity 
and its correlation with the presence of neutralizing 
or complement-fixing antibodies. Needless to say, 
such data are not available. Several of the first human 
cases of equine encephalitis had direct contact with 
sick horses.*"® Getting,’* in a summary of the 1938 
Massachusetts epidemic, mapped out the geographic 
distribution of reported cases in horses and human 
beings. He related them to the distribution of several 
species of mosquitoes collected during the following 
summer in which experimental transmission of the 
virus was carried out. He pointed out that almost 
all the cases occurred in those most susceptible to 
multiple insect bites —- namely, infants and children 
who played outdoors during an unusually wet sum- 
mer. During 1939, 114 serum samples were collected 
by the Massachusetts Department of Public Health 
and included 58 from contacts of patients with eastern 
equine encephalomyelitis, 37 with a variety of central- 
nervous-system diseases, 8 with a history of an acute 
encephalitis more than one year previously and 11 
from veterinarians who had had contact with sick 
horses. None had antibodies for eastern equine en- 
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cephalomyelitis.2* The assumption of horse-to-human 
transmission via mosquitoes was questioned by a series 
of recent studies**®° showing that the period of vire- 
mia in horses during which mosquitoes could obtain 
enough virus by biting was very brief. The authors 
believed that birds were a more likely reservoir. How- 
ever, in a serologic survey of 215 pheasant farmers 
and handlers after a severe epidemic of eastern equine 
encephalomyelitis in Connecticut pheasants, no posi- 
tive complement-fixation tests were found.*? Although 
frequently suggested, the surmise that complement- 
fixing antibodies were present in a human community 
after an epidemic was not confirmed until 1949, 
when Eklund et al.,®* studying an outbreak of human 
and equine forms of the disease in the Dominican 
Republic, showed that the highest percentage of posi- 
tive serologic tests in asymptomatic human beings 
and horses was found near the center of the epidemic. 


Studies of the pathogenesis of equine encephalitis 
in mice** have indicated that the duration of viremia 
is longer in younger animals, perhaps thus explaining 
their increased susceptibility. The pathway of spread 
cf virus from the periphery to the spinal cord and 
brain via peripheral nerves or olfactory bulbs or by 
way of the blood stream has not been settled. The 
available evidence suggests no explanation for the 
frequently observed spotty, asymmetrical distribution 
of the lesions. Schlesinger**:*> showed that the im- 
munity of mice to challenge doses of equine encepha- 
litis depended on the rate of virus multiplication and 
the size of the dose; mice previously vaccinated 
showed a larger and more rapid rise in both serum 
and central-nervous-system antibody. 


Finally, one wonders if the infrequency of the 
human form of the disease is not more apparent than 
real. Serial serum analysis is not routinely performed 
in all cases of obscure infection associated with mild 
confusion or seizures. Moreover, a delay, as well as 
incorrect storage, may be responsible for many of 
the negative serologic tests. In fatal cases, special 
technics are required for virus isolation, and few 
pathology laboratories can establish a diagnosis on 
histologic appearance alone. 


SUMMARY 


Two cases of eastern equine encephalomyelitis diag- 
nosed by neutralization and complement-fixation tests 
are reported. The literature to date is briefly re- 
viewed. 


I am indebted to Drs. R.D. Adams, L.J. Kunz and R. Giles 
for their help in collecting the data and preparing the manu- 
script. 
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URINARY EXCRETION OF THE SEROTONIN METABOLITE, 
5-HYDROXYINDOLEACETIC ACID, IN VARIOUS CLINICAL CONDITIONS* 


BERNARD J. Haversack, M.D.,+ ALBERT SyorrpsMa, M.D., Pu.D.,{ LutHer L. Terry, M.D.§ 


BETHESDA, MARYLAND 


"geben apes interest is being given to the 
possible role of serotonin (5-hydroxytryptamine ) 
in various physiologic and pathologic processes. This 
amine is found primarily in the gastrointestinal tract, 
blood platelets and brain of mammalian species.** 
Although the physiologic role of serotonin is unknown, 
it is a potent stimulant of smooth muscle in the gastro- 
intestinal tract, bronchi and blood vessels.°*° The 
point has been raised that it may be involved in the 
maintenance of normal intestinal motility’? and in 
hemostasis.*"*° The amine has also been considered 
a hormone regulating the circulation and function of 
the kidney.° On the basis of the observation that 
lysergic acid diethylamide, a potent hallucinogenic 
agent, antagonizes certain effects of serotonin on 
smooth muscle in vitro,’ the notion has been ex- 
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pressed that serotonin has an important role in brain 
function.’*?* It is of interest that reserpine, an agent 
widely used in the treatment of hypertension and 
neuropsychiatric disorders, has been shown to release 
serotonin from the three major body depots in 
animals, suggesting that serotonin has an important 
effect on brain function, possibly as a neurohumoral 
agent.**"7° 

Previous studies in this laboratory have shown that 
serotonin is derived from the essential amino acid, 
tryptophan, and is rapidly metabolized by the enzyme, 
monoamine oxidase, to 5-hydroxyindoleacetic acid, 
which is excreted in the urine.’*** The urinary ex- 
cretion of 5-hydroxyindoleacetic acid serves as an 
easily measured index of this metabolic pathway. 

The importance of excess serotonin in the syndrome 
characterized by valvular heart disease, asthma, 
diarrhea and vasomotor disturbances in patients with 
metastatic carcinoid tumors has recently become ap- 
parent. Studies on several such patients have revealed 
a marked increase in the level of blood serotonin and 
in the urinary excretion of its metabolite, 5-hydroxy- 
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10. Webster, L. T., and Wright, F. H. Recovery eastern equine 
encephalomyelitis virus from brain tissue of human cases of en- 
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indoleacetic acid.'**1 Because of the multiple system 
involvement in the “carcinoid syndrome” and specu- 
lations of possible roles for serotonin, mentioned 
above, it seemed worth while to study the urinary 
excretion of this metabolite in a variety of clinical 
conditions and after the administration of reserpine. 


Supjects AND MEeETHODs 


Twenty-four-hour specimens of urine were ob- 
tained from 9 normal subjects and 72 hospitalized 
patients with various diseases. Usually, several speci- 
mens were obtained for analysis. Collections were 
also made from 2 normal subjects, who received 29 
mg. of reserpine intramuscularly in divided doses 
over a period of five days and from 4 hypertensive 
patients who received 1 mg. of reserpine intramus- 
cularly each day for eleven to fourteen days. The 
method used for the measurement of 5-hydroxyindole- 
acetic acid was that described by Udenfriend et al.?? 


RESULTS 


The results of this study are summarized in Table 
1. The daily excretion in 9 normal subjects was 2.1 
to 5.2 mg., and numerous specimens from elsewhere 
in patients whose diagnoses were in doubt fell 
within a range of 2.0 to 9.0 mg. As previously 
described, the urinary excretion in patients with the 
“carcinoid syndrome” was greatly elevated, being 
51 to 580 mg. a day. Patients with other diseases 
excreted 5-hydroxyindoleacetic acid in a range of 
2.0 to 9.3 mg. except for the following: 1 patient with 
gout, 11.0 mg.; 1 patient with Wegener’s granuloma- 
tosis, 1.3 mg.; 1 patient with rheumatoid arthritis, 
1.4 mg.; 4 patients with lupus erythematosus dis- 
seminatus, 1.4, 1.5, 1.6 and 1.9 mg.; 1 patient with 
rectal carcinoma with liver metastases, 1.0 mg.; and 
1 patient with Hodgkin’s disease, 1.5 mg. In the 
6 subjects who received reserpine, the average control 
value was 6.1 mg., and the average value after reser- 
pine administration was 6.6 mg. 


Discussion 


Up to the present time, it appears that a greatly 
elevated excretion of 5-hydroxyindoleacetic acid is 
specifically associated with the “carcinoid syndrome.” 
The significance of the low levels of excretion in 6 
patients with collagen vascular diseases is difficult to 
interpret since other patients in this group excreted 
normal amounts. 

Since reserpine liberates serotonin, it was logical 
to consider the possibility that the serotonin urinary 
metzbolite would be increased after the administra- 
tion of reserpine in man. Shore et al.** showed that 
this actually happened when reserpine in a dosage 
of 3 to 5 mg. per kilogram of body weight was ad- 
ministered to animals, resulting in an increased ex- 
cretion of 5-hydroxyindoleacetic acid for as long as 
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twenty-four hours. These investigators also demon- 
strated in animals that this dosage of reserpine sig- 
nificantly lowered the serotonin level in the gastro- 
intestinal tract as well as in the blood platelets and 
brain.’*?324 When reserpine was administered to 
man in a dosage of 1 to 6 mg. daily, the excretion 


TABLE 1. Urinary Excretion of 5-Hydroxyindoleacetic Acid. 


: Dracnosis No. or Urin 
PATIENTS ExcreTIon* 
mg./24. hr 
Normal subject 9 4.7, 5.2, 4.8, 4.3, 3.6 
2.1, 3.3, 4.7, 4.5 
Carcinoid syndrome il 580, 572, 392, 350, 285 
280, 185, 140, 76, 70, 51 
Essential hypertension 10 5.4, 5.3, 5.4, 3.3, 5.6 
4.5, 7.0, 6.2, 5.1, 8.4 
2 7.4, 2.7 
Schizophrenia + 2.2, 4.5, 2.8, 6.7 
Congenital pulmonic stenosis 1 6.4 
Postoperative paralytic ileus 1 4.5 
Rheumatic heart disease 2 7.1, 5.3 
Gout 1 11.0 
Laénnec’s cirrhosis, with Eck 
fistula 1 9.2 
Renal calculi 1 3.6 
Hypoparathyroidism 1 5.1 
Hyperparathyroidism 1 4.8 
Hypothyroidism 3 2.2, 2.0, 3.4 
Porphyria 3 6.9, 3.8, 3.6 
Eclampsia 1 4.6 
Episodic blushing 1 3.6 
Duodenal ulcer 1 4.4 
Arteriosclerotic heart disease 1 4.5 
Ulcerative colitis 1 3.7 
Wegener’s granulomatosis 1 1.3 
Rheumatoid arthritis 3 2.3, 1.4, 2.5 
Lupus erythematosus dissemi- 
natus 8 2.0, 1.4, 1.5, 1.6, 1.9 
9.3, 6.7, 3.6 
Acute rheumatic fever 1 7.5 
Scleroderma 1 5.1 
Multiple myeloma 3 5.5, 3.7, 5.6 
Leukemia 1 4.0 
Lymphoma 3 3.7, 9.0, 1.5 
Metastatic melanoma 2 2.6, 3.3 
Rectal carcinoma, with liver 
etastases 1.0 
Ovarian carcinoma 1 2.1 


*Values represent average of multiple determinations in each patient. 


of 5-hydroxyindoleacetic acid was not significantly 
altered. However, comparable doses of reserpine (30 
microgm. per kilogram of body weight) lower sero- 
tonin levels in the blood platelets of man and in 
the blood platelets and brain of animals, but not 
significantly in the gastrointestinal tract.*° Since the 
gastrointestinal tract is the largest depot of serotonin, 
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quantitative measurement of 5-hydroxyindoleaceti 

acid excretion may not detect alterations of serotonin 
metabolism unless this depot is affected or there is a 
marked overproduction of serotonin by a secreting 
tumor. Thus significant changes may occur in sero- 
tonin levels of platelets and brain without being asso- 
ciated with a detectable alteration in the urinary 


excretion of 5-hydroxyindoleacetic acid. 
SUMMARY 
The urinary excretion of 5-hydroxyindoleacetic 


acid in patients with various clinical conditions was 
unequivocally elevated only in the presence of meta- 
static carcinoid tumors. Low values were found in 6 
patients with collagen vascular disease. Reserpine, 
in a dosage known to lower platelet serotonin, did not 
change the excretion of the serotonin metabolite. 


We are indebted to Miss Colette Robillard for technical 
assistance. 
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SPECIAL ARTICLE 


CHEMICAL CONTROL OF PULMONARY VENTILATION* 
II. Hypoxia and Respiratory Acclimatization 
Hans WInTERSTEIN, 


ISTANBUL, TURKEY 


"THE strange phenomena observed during a stay in 

high mountains attracted attention long before 
even the most elementary bases of respiratory physi- 
ology had been laid down by Lavoisier and Spallan- 
zani. In the present age, in which airplanes take man 
easily to heights previously undreamed of, there is an 
infinitely greater interest in these problems. The 
conquerors of the highest of the earth’s peaks have 
shown that man can become adapted to altitude con- 
ditions that would soon kill him if he were suddenly 
exposed to them. I cannot trace the historical aspects 
of this problem, which is surely among the most in- 
teresting in physiology. I shall take as my starting 
point the recognition by the French physiologist, 
delivered at Harvard 
¢Research professor of physiology, University of Istanbul. 


Bert,’ that all these phenomena can mainly be re- 
ferred to oxygen lack, which is designated as “hy- 
poxia.” If this supposition is correct it does not mat- 
ter how the hypoxia has been produced. Innumerable 
experiments have shown that apart from secondary 
phenomena this idea is correct. One can therefore 
study the matter under widely differing conditions, 
provided that the common factor of oxygen lack is 
present. The first and most striking sign consists 
of increased pulmonary ventilation, which is called 
hyperpnea and whose biologic purpose is obviously to 
make more air and therefore more oxygen pass 
through the lungs, to compensate for the oxygen lack. 
In fact such hyperpnea occurs under a variety of 
conditions of oxygen lack, including climbing a high 
mountain, being taken up in a nonpressurized air- 


8. Zucker, M. B. Platelet agglutination and vasoconstriction as factors 
in spontaneous hemostasis in normal, ape ag heparinized 
and hypoprothrombinemic rats. Am. af” Physiol. 48::275-288, 1947. 
9. - , and Seegers, W. H. Bovine platelets, serotonin 
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plane, entering a low-pressure chamber or, finally, 
breathing a mixture of gases at ordinary atmospheric 
pressure but containing diminished oxygen. 


MECHANISM OF HypoxiA 


One immediately wonders how the lack of a sub- 
stance can act as a stimulus. How is it possible that 
a material can be effective on account of its absence 
or at least its reduction? This was the question that 
the great German physiologist Pfliiger? asked nearly 
ninety years ago, and, in essentials, answered. This 
action is possible only because incompletely oxidized 
compounds are produced during oxygen lack, causing 
the excitatory effect. Forty-five years ago, when I 
attempted to refer the excitatory effect of both carbon 
dioxide and oxygen lack to a single shared factor, I 
believed that this could be found in increased hydro- 
gen ion concentration. I was led to this view because 
many experiments had shown that acidic substances, 
especially lactic acid, are produced during oxygen 
lack. Carbon dioxide, as well as increased produc- 
tion of acid, will, of course, lead to a rise of hydrogen 
ion concentration. But some years later, when I made 
the first direct measurements of the pH of the blood 
during oxygen lack, I found on the contrary that the 
reaction of the blood shifted toward the alkaline and 
not toward the acid side. The explanation seemed to 
me simple: these stimulating acidic substances were 
produced first of all in organs that, since the chemo- 
receptors had not yet been discovered, seemed to be 
especially sensitive to oxygen lack — namely, the 
centers. This occasioned an increase in ventilation 
that, by washing out the carbon dioxide, led to a sec- 
ondary shift of blood pH to the alkaline side. 

A discussion of this mechanism must be left to my 
third lecture. For the moment it is sufficient to 
keep in mind the following curious situation: on the 
one hand the activity of the respiratory center 
parallels the carbon dioxide pressure or the hydrogen 
ion concentration, a fact that is questioned by no one; 
and, on the other, oxygen lack, to augment the oxygen 
_ supply, increases pulmonary ventilation, but this in its 
turn, by washing out carbon dioxide and so decreasing 
the hydrogen ion concentration, helps diminish pul- 
monary ventilation. The organism is, in a sense, work- 
ing against itself — it is lessening the effectiveness of 
the measures that it has taken. How is it possible 
that something so apparently contradictory can hap- 
pen? 


PuLMONARY VENTILATION 


To understand this paradox one must approach the 
problem of pulmonary ventilation as a whole from 
the standpoint of modern research. Pulmonary ven- 
tilation has two tasks: to ensure the equilibrium be- 
tween oxygen demand and oxygen supply and, sec- 
ondly, to regulate the acid-base equilibrium, which 
normally can be expressed in terms of pH. To carry 
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out the first task, as I tried to show in my first lecture, 
the organism has developed the chemoreceptor mech- 
anism, which shows an extreme sensitivity to changes 
in oxygen pressure. And the chemoreceptor drives 
produced by these changes control the oxygen pres- 
sure in the centers in such a way that it is maintained 
at a level that is not too high and, above all, not too 
low. 

The second task — namely, the maintenance of the 
acid-base equilibrium — is, as I hope to show in my 
next lecture, accomplished chiefly through an extra- 
ordinary sensitivity of the centers themselves to any 
change in pH. Under ordinary conditions the two 
tasks are combined without interference of one with 
the other. But there is one exception: acute hypoxia. 
If for any reason a pH change originates hemato- 
genically in the blood itself — for example, by a met- 
abolic acidosis or alkalosis — the organism regulates 
this upset by a change in pulmonary ventilation. If 
the hydrogen ion concentration is too high, ventila- 
tion is increased, and more carbon dioxide is washed 
out, so that the hydrogen ion concentration is de- 
creased. If on the other hand, hydrogen ion concen- 
tration is too low, ventilation is reduced, and carbon 
dioxide is retained so that the pH decreases. How- 
ever, with oxygen lack, primarily, there is no disturb- 
ance of pH, which if it is to be kept constant demands 
constancy of lung ventilation. In such a case oxygen 
supply would be insufficient. But if the ventilation is 
indeed increased to augment the oxygen supply, a 
disturbance of the acid-base equilibrium inevitably 
follows, as stated above. And this disturbance not 
only will antagonize the compensation but also can 
cause a great number of other upsets in the organ- 
ism. What can the organism do in this situation of 
stress? A disturbance of the acid-base equilibrium can 
be tolerated for considerable periods, but lack of 
oxygen cannot. Therefore, first of all, the lack of 
oxygen must be remedied, cost what it may. Later, 
other measures can be taken to reduce the acid-base 
disturbance as far as possible. These mechanisms are 
indeed what have been designated as respiratory ac- 
climatization. The complexity of interaction between 
these mechanisms, a complexity chiefly due to the 
co-operation of glomerogenic and central drives, has 
only recently been discovered and is still a topic of 
controversy. I should like to describe this complex 
series of events. 


REsPIRATORY ACCLIMATIZATION 


Again, the best plan is to start with experiments 
on animals, because, as I explained in the last lecture, 
only in this way is it possible to differentiate clearly 
glomerogenic and central drives. This is done by 
cold blocking of the sinus nerves after removal of the 
other chemoreceptors. First of all to be considered is 
acute hypoxia, in which the duration of oxygen lack 
is twenty minutes as a maximum. In this connection 
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the experiments of the Danish physiologist Bjurstedt® 
are of special importance. Using narcotized dogs with 
severed vagus nerves, he investigated under conditions 
of hypoxia, on the one hand, the changes in pulmo- 
nary ventilation and, on the other, the changes in 
oxygen saturation and pH of the blood. 

Figure 1 gives a good example of such an experi- 
ment. Blocking of the sinus nerves (Fig. 1A) pro- 
duces distinct decrease of ventilation during breath- 
ing of ordinary air. This decrease diminishes quickly, 
clearly because the accompanying increase of car- 


Ficure 1. Cold Blocking of the Sinus Nerves (after 
Bjurstedt’). 


bon dioxide pressure and hydrogen ion concentra- 
tion will augment the central drive. Indeed, as soon 
as the block is removed, ventilation increases above its 
initial level. In B, in which 8.2 per cent oxygen is 
breathed, the decrease at the onset of blocking is 
much more drastic. Here, the central drives alone 
can only maintain the ventilation at one quarter of 
its normal magnitude. Here, too, and in a much 
more striking fashion one sees a quick restitution of 
respiration, owing to the decrease of carbon dioxide 
excretion and of pH, which stimulates the respiratory 
center. This is clearly shown by the pH curve in 
tracing B. If the hypoxia is continued for twenty 
minutes, because of the strong shift of the blood pH 
toward the alkaline side the centers are no longer able 
to maintain respiration by themselves. This is clearly 
shown in C, where cold block of the chemoreceptors 
leads to a complete cessation of ventilation. This per- 
sists in spite of the rapidly increasing acidity and can 
only be remedied by artificial respiration. Thus, in 
acute hypoxia the control of respiration is trans- 
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ferred in a progressively increasing fashion to the 
chemoreceptor mechanism, so that after a short while 
ventilation is 100 per cent of glomerogenic origin. 
Under these circumstances the center alone cannot 
maintain respiration. If the chemoreceptor drives 
are removed, respiration ceases, and death by suf- 
focation follows. 

Besides his studies on acute hypoxia Bjurstedt® per- 
formed experiments in which the hypoxia lasted for 
several hours, providing fundamental knowledge 
about chronic hypoxia. If the hypoxia produced by 
breathing of air with 8 to 11 per cent oxygen lasted 
six to ten hours, the blood pH in his experimental 
dogs, which at first had shifted strongly to the alka- 
line side on account of the hyperpnea, now gradually 
shifted back to its normal level. In my last lecture I 
discussed the remarkable fact that, on the one hand, 
the activity of the central drive parallels the hydro- 
gen ion concentration of the blood, whereas, on the 
other hand, for reasons not yet definitely established, 
the effect of the chemoreceptor drive is just the re- 
verse in the sense that the more alkaline the blood, 
the greater the effect. Corresponding with this, during 
hypoxia lasting several hours, the effect of cold block- 
ing of the sinus nerves becomes less and less. The 
ventilation no longer depends completely on the 
chemoreceptors as it did at the beginning. In spite 
of the persisting increase of respiration, the central 
drive takes over control more and more. What is 
being considered here is nothing but the beginning 
of high-altitude acclimatization, which, surprisingly 
enough, starts after the lapse of even a few hours. 
The same principle holds true for human beings. 

It was known long ago that in man lowering of 
oxygen pressure produced by whatever method had 
as its first and most important effect an increase in 
ventilation. What is the oxygen pressure at which 
hyperpnea starts? Haldane and his collaborators,‘ 
who were the first to study this in detail, maintained 
it to be at a level corresponding approximately to a 
height of 3000 meters, or 9000 feet. But Haldane® 
himself made the observation that the initial hyperp- 
nea increases for a time during a longer stay at high 
altitudes, and he found the correct explanation — 
namely, that the initial shift of the acid-base equilib- 
rium to the alkaline side gradually decreased, just as 
Bjurstedt found that, in spite of the persistence of 
hypoxia and hyperpnea, the blood pH returned to its 
normal level. How is this achieved? 

To clear up this point, which is indeed the focus 
of the whole problem of acclimatization, I shall have 
to make a short excursion into the physical chemistry 
of the blood. Carbon dioxide is present in the blood 
in two forms: carbon dioxide, or carbonic acid, and 
as bicarbonate chiefly with sodium ions but also with 
others that are of no interest to us. The problem can 
be limited to the bicarbonate ion. The ratio of car- 
bonic acid to bicarbonate, under normal circum- 
stances, is about 3:60. This means that 100 ml. of 
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blood contains 3 ml. of carbonic acid and 60 ml. of 
bound carbon dioxide. It is by this ratio that the re- 
action of the blood is determined, as was shown more 
than forty years ago by Henderson,° the outstanding 
physical chemist at Harvard. This is expressed in the 
famous Henderson equation, which, leaving out the 
basic ion, can be expressed as follows: 


Now as I said at the beginning, one of the primary 
functions of pulmonary ventilation is to keep the 
blood reaction constant. If the hydrogen ion concen- 
tration is increased, respiration increases too, and 
more carbon dioxide is washed out so that the hydro- 
gen ion concentration falls. If the hydrogen ion con- 
centration decreases, respiration is also reduced, more 
carbon dioxide is retained, the numerator in the 
equation becomes greater and the cH is brought to 
its normal level. But in hypoxia life itself demands 
that the increase in respiration be maintained. 
Thus, a lowering of hydrogen ion concentration 
— that is, a respiratory alkalosis —- is produced that 
cannot be corrected by reduction of ventilation; this 
means the numerator of the equation cannot be in- 
creased. What can the organism do? It changes the 
denominator. The numerator has become less; there- 
fore, the denominator must also become less. This 
is produced by a loss from the blood of bicarbonate, 
of course, with the corresponding basic ions, which 
partly migrate from the blood to the tissues and part- 
ly go out of the organism by way of the kidneys. The 
essentials of acclimatization consist in nothing more 
than the migration of alkali from the blood and the 
shift of the hydrogen ion concentration toward nor- 
mal, thus restoring more or less the normal acid-base 
equilibrium. 

This acclimatization takes place in the following 
stages: in the first phase of hypoxia increased ven- 
tilation is produced by excitation of the glomera but 
cannot reach its maximum effect on account of the 
shift of the blood cH toward the alkaline side, which 
works against it; the second phase, which, as I have 
already pointed out, after a few hours consists of 
migration of bicarbonate from the blood, decrease of 
alkali reserve, increase of cH, a further augmentation 
of ventilation and a further lowering of alveolar car- 
bon dioxide pressure. This increase of ventilation, 
with its consequent decrease of alveolar carbon 
dioxide pressure, continues for about four to ten days, 
by which time a new equilibrium will have been ap- 
proximately established in the Henderson equation, 
in which the decrease of the numerator has been 
compensated for by a decrease of the denominator. 
This approximation to the normal level of the pH 
goes hand in hand with important changes, which 
Bjurstedt* recorded in his cold-block experiments, as 
already mentioned. The control of respiration, which 
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at first, according to the degree of oxygen lack, was 
taken over by the chemoreceptors, even to the ex- 
tent of 100 per cent, now, as the pH approaches 
normal again, is once more taken over predominantly 
by the respiratory center. This phenomenon can also 
be demonstrated in human beings. Since the exciting 
agent for the chemoreceptors under these conditions 
is lack of oxygen, one can exclude its effect by 
making the subject of the experiment breathe 100 
per cent oxygen. The effect is completely different 
according to whether it is done in the first, or acute, 
phase of hypoxia or in the chronic, or second, phase 
after acclimatization. In the first phase the volume 
of respiration falls precipitously. Indeed, in flyers at 
high altitude, it has been reported that when 100 per 
cent oxygen is breathed after strong hypoxia, res- 
piration may cease suddenly, leading to unconscious- 
ness and cramps. The action of the chemoreceptors, 
which were in 100 per cent control of respiration, has 
suddenly been eliminated, and the respiratory center, 
bathed in a markedly alkaline blood, has lost its 
automatic capacity for action. 


In the same way two other peculiar phenomena 
can be explained. When the automatic activity of 
the respiratory center is reduced — for example, 
during sleep —- and if at the same time there is 
oxygen lack as in high mountains, the phenomenon 
of periodic respiration is often observed in unaccli- 
matized persons. A few deep breaths cause the chemo- 
receptors, which are chiefly in control of respiration, 
to reduce their activity, and respiration stops. This 
continues until the oxygen lack so produced sets it in 
motion again. The breathing brought about in this 
way cuts out the chemoreceptors again, respiration 
stops, and the whole procedure is repeated. I remem- 
ber that, on waking up on the day after my ascent to 
the Capanna Margherita, situated at about 15,000 
feet on the Monte Rosa in Switzerland, I was able to 
observe this periodic respiration splendidly in myself. 

The situation is quite different in the acclimatized 
person. When he suddenly breathes 100 per cent 
oxygen there is scarcely any effect. Respiration, which 
has achieved independence from the chemoreceptors, 
shows little reduction. One can thus explain the sec- 
ond remarkably peculiar effect that anyone can see 
for himself when he returns to normal altitudes after 
a few weeks’ stay in high mountains: the alveolar 
carbon dioxide remains at a low level for a consider- 
able time, thus showing that the increase of respira- 
tion continues although there is no oxygen lack. This 
means that the increase of respiration, though origi- 
nally caused by oxygen lack, has become independent 
of it. Indeed, respiration remains high until the 
alkali reserve has returned to its normal level — that 
is, until not only the numerator-denominator ratio of 
the Henderson equation but also their absolute values 
have been attained. This is sometimes a matter of 
weeks. 


Discussion 


But now the chief problem of chronic hypoxia 
presents itself. How is it possible for a decrease in 
value of the Henderson equation (I repeat, not the 
ratio but the absolute values of the numerator and 
denominator) to cause the increase of ventilation 
necessary to compensate for oxygen lack, without 
noticeable activity of the chemoreceptors? In pro- 
posing a solution of this problem — a solution that has 
not yet found general acceptance — I must return 
again to fundamentals. As I said at the beginning of 
this lecture, the fact of increase of respiration in 
hypoxia was known long ago. The earlier authors did 
not need to bother with the chemoreceptors because 
they had not yet been discovered; most of them were 
of the opinion that respiration was controlled by car- 
bon dioxide. But even they knew that in oxygen lack 
the carbon dioxide pressure is not increased. They 
found what they considered an excellent solution for 
this: in oxygen lack the excitability of the respiratory 
center to carbon dioxide is increased — hence the in- 
crease in ventilation in spite of decreased carbon 
dioxide pressure. What a magnificent idea — all 
difficulties swept away! This so-called explanation 
was proposed as long as seventy-five years ago by 
Hermann’ and by Zuntz.* Later, it was adopted by 
Haldane’ in England and by Lindhard® in Denmark, 
and it has persisted up to the present; this concept 
is in the reports of Nielsen?® in Copenhagen, Gray"? 
in Chicago and so on. 

What is this magic formula that solves all the 
puzzles? One of my hobbies is the analysis of con- 
cepts, which are the working tools of the scientist. 
Inexactitude in concepts seems to me for the scientist 
just as dangerous as dirtiness in instruments for the 
surgeon. One should define explanation and also 
excitability. Everyone agrees that it is the function 
of science to explain natural phenomena. But how 
is this achieved? I do not want to start manipulating 
causality, which itself is never quite clear. I think 
the best definition was given by a man who was not 
only a great physiologist (he discovered the function 
of the labyrinth) and not only a great physicist (his 
ideas approximated those of Einstein) but also a great 
philosopher, although he himself would have denied 
it. I refer to Ernst Mach, of Vienna. He stated that 
the function of science was mentally to reproduce the 
facts in the simplest and most economical way. Now, 
what sort of mental picture can one gain of the facts 
using the concept of excitability? The concept of ex- 
citability, irritability, sensitivity was introduced into 
physiology by the British anatomist Glisson in the 
seventeenth century. It was believed that in this way 
a characteristic property of the living as opposed to 
the nonliving world could be defined in that insig- 
nificant external changes had large effects of a dis- 
proportionate magnitude. The concept is rarely used 
in this absolute sense because explosive materials, for 
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example, show the same thing to a much greater 
degree. In this absolute sense it is only used to dis- 
tinguish living from dead organisms or organs; these 
may or may not remain excitable. There is no ob- 
jection against this usage. But the field of applica- 
tion is much larger for the relative magnitude of the 
effects of stimulation. Every observation shows that 
the same external change under different conditions 
has an effect of different magnitude, sometimes larger 
and sometimes smaller. As a corollary, if it is desired 
to achieve an effect of a certain magnitude an appro- 
priately adjusted stimulus must be applied. Under 
these circumstances one says that the excitability 
has increased or decreased respectively. This is a 
short, expedient way of describing a set of ob- 
served facts. But does this descriptive method 
really explain anything in the sense of a mental pic- 
ture of what has happened? When I say that an 
anesthetized nerve has a reduced excitability I indi- 
cate that a stronger stimulus must be used for the 
same effect. But have I said anything at all about 
the nature of narcosis? Obviously not. In the same 
way, when I observe that a lower carbon dioxide 
pressure is sufficient to produce the same increase in 
ventilation during hypoxia, I can express this fact 
equally well with the statement that the center has an 
increased excitability to carbon dioxide. But I have 
explained precisely nothing. This is but another 
method of expressing the same observed fact. It is 
not the increased excitability that produces increased 
ventilation —- on the contrary, it is my observation 
of increased ventilation that leads me to say that the 
excitability of the center has increased. I have estab- 
lished a fact but I am just as able or unable to re- 
produce the process mentally. In addition it is false 
to assume that anything has been revealed about the 
general conditions of the respiratory center as is 
usually believed. If carbon dioxide has an increased 
effect during oxygen lack this does not necessarily 
mean that other stimuli will behave in the same way. 
For example, certain narcotic drugs strongly decrease 
the excitability to carbon dioxide whereas the ex- 
citability to the hypoxic effects of the chemoreceptors 
or other reflexes remains the same. But to stick to 
the excitability to carbon dioxide, why does carbon 
dioxide have a greater effect during oxygen lack? 

Nothing seems to me easier than to find such a real 
explanation provided one accepts a premise: the er- 
roneous conception that carbon dioxide is a specific 
respiratory stimulant (a conception that is still widely 
accepted today) must be abandoned, and replaced 
by the theory that chemical control of respiration is 
achieved through hydrogen ion concentration, a 
theory to which I shall devote my third lecture. 

To return to the Henderson equation: according 
to the theory advanced above, respiration depends 
not on the numerator — that is, the carbonic acid 
concentration — but on the cH. If one adds a certain 
amount of carbon dioxide to the inspired air, this in- 
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creases the value of the numerator and so the cH, 
which in its turn increases the ventilation. I have 
demonstrated how hyperpnea during oxygen lack 
decreases the numerator by washing out the carbon 
dioxide. If the same amount of carbon dioxide as 
was present before is added, it is clear that this must 
cause a greater increase in hydrogen ion concentra- 
tion than in the previous case. Therefore, the increase 
in respiration will be greater than that under normal 
conditions or, to express the same thing in other 
terms, the respiratory center has become more excit- 
able to carbon dioxide during hypoxia. This essential 
situation is not changed, even when migration of 
bicarbonate during high-altitude acclimatization has 
restored the equilibrium between numerator and 
denominator, so that the pH has returned more or 
less to its normal level. To give a mathematical illus- 
tration: as I have mentioned, the H.CO,;/HCO;- 
ratio of carbonic acid to bicarbonate is, under normal 
conditions, approximately 3/60. If the numerator is 
increased by the addition of carbon dioxide to the 
inspired air in a proportion of 3:1, the fraction be- 
comes (3+ 1) /60, so that the hydrogen ion concen- 
tration has increased from 3/60 or 1/20 to 4/60 
or 1/15. Now, if, because of oxygen lack, the ab- 
solute value has changed from 3 to 1, at the same 
time on account of the compensatory bicarbonate 
emigration the denominator will have fallen from 60 
to 20. The former value of the fraction was 3/60; the 
new one is 1/20. So the value of the cH has reached 
its former level. But if I now add the same excess of 
carbon dioxide I shall get (1+1)/20 — that is, 2/20 
or 1/10, instead of 1/15 in the former case under 
normal conditions. This increased hydrogen ion con- 
centration value will lead to increased ventilation. I 
have deliberately chosen figures that are simplified 
and exaggerated for the purpose of demonstrating the 
principle. Accordingly, there is nothing miraculous 
in the increased sensitivity to carbon dioxide — in- 
deed, if it had not been demonstrated experimentally, 
it could have been predicted from the Henderson 
equation. Thus, mental insight into the observed 
phenomenon has been gained, and the phenomenon 
has been explained. 


But the explanation includes something else: what 
is true for an artificial addition of carbon dioxide 
must, of course, be equally true for the natural car- 
bon dioxide increase continually produced by me- 
tabolism. Metabolism during oxygen lack is the same 
as or even greater than usual, as has been observed 
a number of times. Tiius, here, too, when the abso- 
lute value of the Henderson equation has been di- 
minished by acclimatization, the increase of hydrogen 
ion concentration and therefore of ventilation must 
be greater than under normal conditions, and ven- 
tilation must continue to be increased without inter- 
ference from the chemoreceptor mechanism. This is 
exactly what has been observed. And so, indeed, it 
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has also been possible to explain the persistent in- 
crease of respiration during chronic hypoxia — an 
increase that does not depend any more on the 
chemoreceptor excitation. 

To the worshippers of carbon dioxide this seems 
far too simple. They cling to the specific effect of 
the gas and the specific excitability of the respiratory 
center to it. They try to prove this by saying that if 
everything is a simple consequence of hyperpnea, it 
should also be observed during acidosis such as that 
caused by ammonium chloride, which produces a 
strong shift of the blood pH toward the acid side ac- 
companied by hyperpnea. Now, using this substance, 
Nielsen’? in Denmark, Loeschcke and his collabo- 
rators’? in Germany and, more recently, Stroud** 
in Rochester all proved that oxygen lack has a much 
greater effect on carbon dioxide excitability than this 
acidosis. But the conditions in ammonium chloride 
acidosis are peculiar and specific, so that a comparison 
of the two is quite impossible. In experiments re- 
cently carried out,’* which I shall mention in more 
detail in my next lecture, it was established that al- 
though the reaction of the blood was shifted very 
strongly to the acid side, that of the cerebrospinal 
fluid was strongly shifted to the alkaline side. The 
effects of ammonium chloride on pulmonary ventila- 
tion represent the algebraic sum of these two oppos- 
ing factors. But there is another method by which 
the situation in hypoxia can be faithfully reproduced 
although no oxygen lack occurs. This way was re- 
cently followed by Brown** in Minnesota. He showed 
that hyperventilation of a human subject for twenty- 
four hours lowers alveolar carbon dioxide pressure, 
shifts blood pH toward the alkaline side and increases 
excitability to carbon dioxide of the same order as 
that observed during oxygen lack. Even if the figures 
do not always agree exactly, the explanation, as 
Brown rightly observes, can lie in the fact that the 
buffering capacity of the blood may be different from 
that of the cells of the respiratory center. Starting 
from this point of view, he conducted a meaningful 
set of experiments on guinea pigs.’® First of all he 
caused a hypoxic hyperpnea by exposure to reduced 
pressure. After some time the brains were quickly 
extracted, frozen, ground and then set to come to 
equilibrium with three different mixtures of oxygen 
and carbon dioxide. The changes of pH produced 
in this way were compared with those observed in 
normal animals. There was a distinct increase in 
effect of carbon dioxide in the hypoxic brain pulp, 
proving that a simple physicochemical process is in- 
volved. But, in the usual terminology, this would 
mean that the carbon dioxide excitability of the brain 
substance had increased. 


The result of these experiments provides, perhaps, 
an approach to the understanding of a phenomenon 
of high-altitude acclimatization that has not yet 
been explained. On the heights there is an increase 
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of sensitivity not only to carbon dioxide but also to 
lack of oxygen. It can be shown that if an unacclima- 
tized person and an acclimatized person are suddenly 
subjected to strong oxygen lack, the increase of ven- 
tilation in the latter is much greater than that in the 
former. The greater the increase of pulmonary ven- 
tilation, the greater the possibility of enduring lack 
of oxygen, which is the most important factor for 
those who wish to climb to very high altitudes. Luft 
and Opitz,’’ in experiments on the behavior of both 
unacclimatized and acclimatized persons in the low- 
pressure chamber when exposed to a simulated height 
of about 28,500 feet, found that their subjects showed 
in Berlin at this simulated altitude the severest symp- 
toms between two and a half and three minutes, in- 
cluding unconsciousness and cramps. However, the 
same persons, after a stay of several weeks on the 
Jungfraujoch at a height of more than 11,300 feet, 
were able to endure twenty minutes of the same treat- 
ment without difficulty. In this case it is clear that 
one cannot be concerned with acclimatization of the 
center, but with an effect of the glomera, since these 
are the only structures that react to sudden oxygen 
lack. 

In the next lecture I shall demonstrate that the ex- 
citation of the glomera also depends on the pH pres- 
ent in them. When it is understood that in the proto- 
plasm of the glomus cells, in the same way as in the 
centers, a reduction of buffering capacity would take 
place on account of bicarbonate migration, it is ap- 
parent that an increased sensitivity against pH- 
changing factors such as oxygen lack would be pro- 
duced. This, in its turn, helps explain how the increase 
of respiration depends on chemoreceptor excitation. 

On the basis of the researches performed up to the 
present I have endeavored to give a picture of the 
physicochemical processes that take place during 
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hypoxia and acclimatization. Changes of oxygen 
pressure, of carbon dioxide pressure and of pH inter- 
act in a complex and interlocking way. Must each of 
these factors be considered separately? Is this really 
the simplest and most economical mental approach 
to these phenomena, which according to Mach is the 
task of science? Or is it possible to find a more eco- 
nomical form of regarding these different mecha- 
nisms, which attempts to reduce them to a single 
basic factor? This question I intend to discuss in my 
last lecture. 
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[ an unprecedented way recent years have seen a 

co-ordination of effort in an attempt to push for- 
ward surgical frontiers. Pioneering has been shared 
by experimental and clinical surgeons and internists 
alike, with physiologists and pharmacologists striving 
to acquire more effective and safer agents and meth- 
ods and to gain a better understanding of the action 
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of the older ones. In this ceaseless quest, which at 
times seems to carry an almost breathless urgency, 
the anesthesiologist continues to occupy an inter- 
mediate position. If, among medical specialties, anes- 
thesiology can be said to be “neither fish nor fowl,” 
the anesthesiologist can with equal truth be described 
as “being all things to all men.” The anesthesiologist 
is often the translator of these basic discoveries into 
better surgical care for patients. 
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The surgical invasion of hitherto inaccessible or- 
gans such as the heart and the aorta not only has 
posed new technical problems to the anesthesiologist 
but also has demanded an appreciation of basic physi- 
ology in a way undreamed of a few years ago. 

As always, investigation in the field of anesthesi- 
ology is directed toward the development of agents, 
and methods for their administration that will cause 
fewer and less profound disturbances of normal physi- 
ologic function. In addition, this quest includes a 
search for ways to help the body better withstand 
the inevitable physiologic insult of anesthesia and 
surgery. The purpose of this discussion is to sum- 
marize some of the “progress” that has been made in 
the search for these better ways of helping the human 
organism to compensate for the inescapably heavier 
blows that must be dealt its physiology as the field 
of definitive surgery is enlarged. This of necessity in- 
cludes some subjects that can hardly be considered 
new, as well as some that are, perhaps, too new. None 
will be mentioned that have not been demonstrated 
to have at least some clinical significance. 


Muscre RELAXANTS 


For simplicity, the muscle relaxants can be divided 
into two groups according to their mode of action, 
though the dividing line is not always a distinct one 
and the agents of one group may at times seem to 
have the characteristics of the other. 

The first group includes tubocurarine, dimethyltu- 
bocurarine, gallamine (Flaxedil), laudexium methyl- 
sulfate (Laudolissin) and benzoquinonium (Myto- 
lon). These drugs have the common property of 
interfering with the normal action of acetylcholine 
released at the motor-nerve endings. They raise the 
threshold of the nerve plate to acetylcholine, thereby 
preventing the depolarization necessary to propagate 
the impulse to the adjacent muscle. This action may 
be considered one of competition with acetylcholine. 
In general, the anticholinesterases are antagonists to 
these drugs. Strictly speaking, the term “curarelike” 
is properly reserved for these acetylcholi p 
tive inhibition-type compounds. 

The second group, which includes decamethonium 
and succinylcholine, produces persistent depolariza- 
tion at the nerve-end plate and prevents the physi- 
ologic depolarization-repolarization sequence of the 
normal acetylcholine-acetylcholinesterase system nec- 
essary for neuromuscular transmission. In direct con- 
trast to the first (curarelike) group, anticholinesterase 
drugs potentiate the effects of this second (depolariz- 
ing) group. In theory, the first group of drugs is 
antagonistic to the second, even though the final 
effect — muscular relaxation — is the same. 

A much more complete concept of the different 
mechanisms of neuromuscular block can be obtained 
from reviews of the pharmacology of the neuromus- 
cular junction.*® 
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Succinylcholine 


In the quest for the ideal muscle relaxant the 
qualifications sought for are no different from those 
considered desirable for all anesthetic agents. These 
include specificity and rapid onset of action; readily 
controllable intensity of action; wide margin between 
optimal therapeutic dose and minimal lethal dose; 


.and rapid and complete recovery when administra- 


tion of the drug is discontinued. At present, prob- 
ably succinylcholine most nearly meets these specifi- 
cations. This compound represents an end-to-end 
union of two molecules of acetylcholine and is struc- 
turally closely related to decamethonium, another 
depolarizing-type compound. The structural simi- 
larity between succinylcholine and decamethonium 
and the close interrelation of acetylcholine to both 
have given rise to speculation on the mechanisms of 
action based on the structural-activity relation.‘ 
Succinylcholine is rapidly hydrolyzed in man by 
plasma cholinesterase (pseudocholi or non- 
specific cholinesterase), and to a lesser extent by 
acetylcholinesterase (true cholinesterase). This enzy- 
matic hydrolysis occurs in two steps. In the first, 
succinylcholine is hydrolyzed to iny] 
and choline. Then, succinylmonocholine is hydro- 
lyzed considerably more slowly to succinic acid and 
choline.® This intermediate has 
been shown to have a weak neur 
action.® 


An average of less than 3 per cent of intravenously 
administered succinylcholine is excreted unchanged 
in the urine.” Other relaxants, excluding tubocurarine 
and dimethyltubocurarine, which undergo consider- 
able degradation in the body,*-?° are excreted almost 
quantitatively unchanged in the urine.*+??_ These 
agents owe their duration of action to tissue redis- 
tribution. The rapid hydrolysis of succinylcholine 
within the body distinguishes it from the other re- 
laxants and accounts for its brevity of action and 
ease of control. No cumulative or tachyphylactic 
effects have been reported, and the salivation, in- 
creased bronchial secretion, bronchospasm, tachycar- 
dia and hypotension sometimes seen with other re- 
laxants are absent.**-*¢ 

Succinylcholine is administered intravenously by 
rapid injection of 30 to 60 mg. if profound relaxa- 
tion of short duration is desired. If prolonged re- 
laxation is required, it is best administered by con- 
tinuous intravenous infusion of 0.1 or 0.2 per cent 
in physiologic saline or 5 per cent dextrose solution. 
The degree of relaxation can be changed within 
thirty seconds by regulation of the rate of flow. When 
administration is discontinued, muscle tone and re- 
spiratory exchange usually return to predrug levels 
within two to four minutes. The rapidity of onset, 
brevity of action and ease of control of succinylcholine 
compare favorably with those of any of the other 
clinically used relaxants.*’ 
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It has been reported that succinylcholine, in doses 
adequate to produce surgical relaxation, may have 
a sparing action on the muscles of respiration.’® 
Others believe that no such selective sparing action 
is present and that respiration is progressively para- 
lyzed as the degree of neuromuscular block pro- 

2920 Our clinical experience concurs with 


the finding that there is no selective respiratory- . 


sparing action. We do not believe that adequate 
abdominal relaxation can be obtained without the 
need for assisted respirations. 


The ease of control and brevity of action of suc- 
cinylcholine have made a search for a chemical an- 
tagonist of little practical significance. On the other 
hand, an extender has been given brief clinical 
trial.24??, The value of an extender seems debatable 
since the duration of action of succinylcholine can 
so easily be prolonged simply by continuance of 
its administration. 

Occasionally, an increase in blood pressure is seen 
with the use of succinylcholine. Some have attributed 
this to a decrease in respiratory minute volume with 
retention of carbon dioxide.”*-?5 Another explanation 
has been that of a muscarinic-blocking effect in the 
presence of atropine, resulting in a stimulating effect 
on the autonomic ganglions.*® 

The chief complication that follows the use of suc- 
cinylcholine is the occurrence of occasional prolonged 
apnea. Several of the early reports described apnea 
after single injections of the drug,?”*° which may 
have been due to overdosage. Other reports of apnea 
after a continuous-infusion technic are not so easily 
explained.**“** The wide variation of pseudocholin- 
esterase levels in normal patients**** and the low 
pseudocholi ase levels found in chronic liver dis- 
ease, cachexia and patients with diminished blood 
volumes have been mentioned as possible etiologic 
factors.***>-°7 Decrease in the period of apnea after 
intravenous administration of concentrated plasma 
cholinesterase preparations has been reported.*** 
Others, however, have found concentrated plasma 
cholinesterase of no definite value in alleviating a 
prolonged respiratory depression after succinylcholine 
administration.*”** A central depression of the re- 
spiratory center by the drug has been suggested.** 
The possibility of persisting concentrations of suc- 
cinylmonocholine has also been suggested as an ex- 
planation.*® It was mentioned before that succinyl- 
monocholine is an intermediary product in the hy- 
drolysis of succinylcholine and is a weak neuromus- 
cular-blocking agent.® Controlled respiration, with 
resulting hyperventilation, acapnia and loss of re- 
spiratory drive, must also be considered. This apnea 
most often occurs with patients suffering from bron- 
chiectasis and emphysema, who unquestionably have 
considerable alteration in their respiratory mechanism. 

Succinylcholine is probably the most valuable and 
widely applicable of the many muscle relaxants that 
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have become available to the clinical anesthesiologist 
since the introduction of curare in 1942.4° Its chief 
complication is occasional prolonged apnea or re- 
spiratory depression. As yet we are unable to point 
a finger at a specific etiologic factor for this compli- 
cation, and it is unlikely that any one factor is re- 
sponsible in all cases. As an explanation we must 
always consider overdosage, whether actual, owing 
to improper administration, or relative, owing to the 
decreased ability of some patients with chronic ill- 
ness, inanition or diminished blood volumes to hy- 
drolyze the drug with the rapidity seen in healthy 
persons. The complication is seen much more fre- 
quently in patients with chronic pulmonary disease 
such as emphysema. The avoidance of prolonged 
periods of apnea calls for vigilance in individualizing 
the rate of administration while depression of respira- 
tion is used as a guide to dosage. The aim should be 
assistance to respiration, not control. 


INTRAVENOUS ANESTHESIA 


Since the advent of the muscle relaxants, the use 
of thiopental to supplement the nitrous oxide oxygen 
sequence has come into even greater prominence. 

It has been shown that the short duration of action 
of thiopental administered intravenously is the result 
of the rapid redistribution of the drug from the 
plasma into other body tissues, notably the fat.‘ 
With equilibrium established, ultimate concentration 
of the drug in the fat is six to twelve times that 
found in other tissues. Actual metabolism of the 
agent proceeds at a rate of 10 to 15 per cent per 
hour. The prolonged postanesthetic somnolence and 
depression seen after a large dose is accounted for 
by the slow rate of metabolism and the resultant 
slowly decreasing equilibrium between the blood 
stream and the large reservoir in the fat.*? This 
affinity of thiopental for fat is shared in similar 
degree by thialbarbitone (Kemithal) and thiamylal 
(Surital) and also by the nonsulfur-containing hexo- 
barbital (Evipal). Newer thiobarbiturates have been 
investigated in a search for a drug that is metabolized 
more rapidly.***® Some of these drugs show a more 
transient action than thiopental, but this is due to a 
greater affinity for body fat.** Probably all thiobar- 
biturates share this plasma-fat-redistribution proper- 
ty, and better agents will be found in compounds 
other than the thiobarbiturates. 

Thiopental requirements can be decreased by the 
intermittent intravenous administration of meperi- 
dine (Demerol), morphine, levorphanol tartrate 
(Dromoran) and alphaprodine (Nisentil) as addi- 
tional supplements in the thiopental-nitrous oxide- 
oxygen sequence.*®*' If care is taken to prevent 
overdosage, recovery is usually rapid, with relative 
freedom from nausea, vomiting and emergence de- 
lirium. Furthermore, residual analgesia often last- 
ing for several hours may persist. 
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A major drawback of narcotic supplementation is 
prolonged respiratory depression. This depression 
may at times require assistance to respiration, and 
for this reason is not used for short procedures or 
near the conclusion of longer ones. A Demerol drip 
has been used to obtain narcotic analgesia with a mini- 
mum of respiratory depression.*? Other technics to 
combat the respiratory depression inherent in nar- 
cotic supplementation include those combining a 
narcotic and narcotic antagonist in proper ratio to 
offset respiratory effects without diminishing anal- 
gesia.5%-55 


InpuceD HyporeNsIoN 


Induced hypotension is the deliberate lowering of 
the systemic blood pressure in the anesthetized pa- 
tient. It has as its prime purpose the diminution of 
bleeding, specifically capillary bleeding, in the opera- 
tive field. It is usually instituted under the direction 
of the anesthesiologist and is presumably always re- 
versible and under control. This hypotension is 
properly reserved for the surgical procedure in which 
blood loss is profuse or even prohibitive or for the 
unusual case in which even a slight ooze at a strategic 
moment must be avoided (in a fenestration opera- 
tion).5® The technic finds its widest application in 
surgical treatment of vascular malformations and 
tumors of the brain.®*** It has also been employed 
for extensive block resections for cancer, such as 
pelvic eviscerations®® and for venous-shunt surgery. 

The several factors that combine to maintain 
normal arterial blood pressure include the pumping 
action of the heart, the quantity of blood in the ar- 
terial system, the viscosity of the blood, the elasticity 
of the arterial walls, and the peripheral resistance. 
Of these five factors, three are relatively unalterable. 
The elasticity of the arteries is an inborn constant, 
at least over the period occupied by any surgical 
procedure. The viscosity of the blood, although it 
may change during operations in response to drugs, 
trauma, blood loss and fluid replacement, does not 
lend itself to control for purposes of induced hypo- 
tension. Decreased pumping action of the heart, 
with its resultant fall in cardiac output, does cause 
a fall in blood pressure. This is probably the mecha- 
nism of the hypotension seen with anesthesia of ex- 
cessive depth regardless of the agent employed. Car- 
diac output is almost always lowered in induced hy- 
potension, but this decrease is secondary and is 
never primary by choice. 

In clinical practice induced hypotension has been 
produced mainly by a decrease in the circulating 
blood volume or by a lowering of the peripheral 
resistance. 


Arteriotomy 


Gardner,” in 1946, reported on the use of induced 
hypotension by arteriotomy. Hale®* described 50 
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cases done by this technic. He withdrew 1500 to 
2000 ml. of blood from the radial artery in a period 
of thirty minutes. The blood remained outside the 
body thirty to forty minutes. The average fall in 
blood pressure was 34 per cent. This fall in blood 
pressure and the accompanying intense vasoconstric- 
tion were reported to decrease blood loss and opera- 
tive time. Return of the blood from the exogenous 
reservoir promptly restored blood pressure to normal 
limits. This form of induced hypotension has not 
met with wide acceptance or application. 


Total Spinal Block 


In 1946 Sarnoff and Arrowood demonstrated the 
principle of “differential spinal block.” Their results 
indicated that sympathetic preganglionic vasomotor 
fibers could be blocked with a concentration of anes- 
thetic agent less than that needed to impair sensation 
or motor power. These workers noted a fall in blood 
pressure with differential sympathetic spinal block 
similar to that noted after classic spinal block. They 
concluded from this that the hypotension of spinal 
anesthesia was primarily caused by blockade of the 
preganglionic fibers and was not the result of mus- 
cular relaxation and diminished thoracic excursion. 

In 1948 Griffiths and Gillies®* described a technic 
of spinal anesthesia providing both the sensory and 
muscular paralysis of conventional spinal block and 
a total blockade of the sympathetic outflow. Thus, 
surgical anesthesia and profound hypotension were 
produced without motor paralysis of the higher inter- 
costals or diaphragm. With unremitting attention 
to a free airway, adequate ventilation with oxygen- 
enriched mixtures and emphasis on surgical position 
with the operative site uppermost, they reported a 
relatively bloodless field without deleterious effects 
to the patient. 

This technic, like all other hypotensive technics 
based upon a diminution of peripheral resistance, 
assumes the physiologic premise that adequate oxy- 
genation of the tissues will ensue as long as the hy- 
drostatic pressure at the arterial end of the capillary 
is sufficient to exceed the sum of the venous pressure 
combined with the colloid osmotic pressure of the 
plasma.®* This pressure at the arterial end of the 
capillary is considered to be approximately 32 mm. 
of mercury. In normal blood pressure the rest of the 
pressure is expended in overcoming the peripheral 
resistance (chiefly arteriolar) . 


Ganglionic-Blocking Agents 


In 1948 Barlow and Ing*’ and Paton and Zaimis,* 
working independently, synthesized a series of poly- 
methylene bistrimethyl-ammonium salts— the me- 
thonium series. Subsequent investigations revealed 
that decamethonium (C-10) produced neuromuscu- 
lar block whereas pentamethonium (C-5) and hexa- 
methonium (C-6) prevented the transmission of 
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impulses across synapses in all autonomic ganglions. 
The last two compounds, especially hexamethonium, 
have found extensive clinical use in the production 
of hypotension.**-"! Technics for the use of methoni- 
um derivatives are accurately described.®”° In all 
cases positioning of the patient is of importance, 
with the operative site uppermost, the blood pooling 
in the more dependent portions by gravity. 

Another ganglionic-blocking agent, trimethaphan 
(Arfonad), or d-3,4(1’,3’-dibenzyl-2’-keto-imidazoli- 
do)-1,2 trimethylene thiophanium d-camphorsulfo- 
nate, described in 1949" and first used clinically in 
1953,5 is more readily controlled and more quickly 
reversible than the previously mentioned autonomic- 
ganglion-blocking drugs. The methonium derivatives 
are usually given in single or intermittent intravenous 
doses. Arfonad is given by a continuous intravenous 
drip. This affords a more flexible and graded lower- 
ing of the blood pressure and is usually readily re- 
versible. Blood pressure is regulated by variation of 
the flow rate. Action of the drug is transient. Slow- 
ing or stopping of the infusion returns the blood 
pressure to normal limits, usually within a few min- 
utes. The hypotension produced by Arfonad as well 
as by the methonium derivatives may be quickly 
corrected by the use of a vasopressor drug. These 
blocking agents have no effect on the action of the 
various sympathomimetic amines. 


Effects of Hypotension on Various Organs 


Although hypotensive technics have had extensive 
clinical trial, there has been a dearth of experimental 
work on the effects of lowered blood pressure on the 
brain, kidney, liver and heart of the anesthetized 
patient. Observers disagree concerning the effects 
of various anesthetic agents on these organs in the 
presence of normal arterial blood pressure.***? Re- 
sults recorded on studies done under hypotension are 
even more at variance. 

Studies on cerebral circulation under the influence 
of anesthesia and hypotension have dealt mainly 
with measurements of cerebral blood flow and cere- 
brovascular resistance. Morris et al.,"* working with 
hexamethonium-produced hypotension, found cere- 
bral resistance lowered 11 per cent and cerebral 
blood flow diminished by 30 per cent. Total cerebral 
oxygen consumption was decreased only 12 per cent 
because of the increased extraction of oxygen from 
arterial blood. Kety and his associates,’® using dif- 
ferential spinal block in hypertensive patients, de- 
scribed a similar decrease in cerebral blood flow 
that was attributed to the discrepancy between a 
considerable fall in mean arterial blood pressure and 
a slight fall in cerebrovascular resistance. Other 
investigators have described changes in electroenceph- 
alographic and electrocardiographic tracings con- 
sistent with hypoxia during hexamethonium hypo- 
tension in the head-up position.*® On the other hand 
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Stone, Mackrell and Wechsler®* found that an aver- 
age drop of 44 per cent in mean arterial blood pressure 
failed to decrease cerebral blood flow or metabolism. 
Maintenance of cerebral blood flow was attributed 
to a 46 per cent reduction in cerebrovascular re- 
sistance. This work is substantially in agreement 
with that of Crumpton and Murphy.® 

Renal blood flow has been found to diminish dur- 
ing hypotension™*”* although some describe a return 
of blood flow toward normal after several consecu- 
tive hours of hypotension.”* Miles et al.** reported 
renal blood flow to be largely uninfluenced by a fall 
in blood pressure. This stability of renal blood flow 
in the presence of a decrease in blood pressure is 
possibly due to the property of renal vessels for 
autoregulation as postulated by Smith and his co- 
workers.** 

Lynn et al.”* found evidence that blood flow to the 
liver was diminished during hypotension under spinal 
anesthesia, and Bromage* described a local hypoxia 
of the liver with possible occult liver damage. In 
contradistinction, the data of Greene and his asso- 
ciates®*> showed equal or less postoperative disturb- 
ance in liver-function tests after hypotensive spinal 
anesthesia as compared with the results after ether or 
cyclopropane. 

It should be noted that all these observations on 
induced hypotension were not made under uniform 
conditions. Some of the results were obtained from 
induced hypotension alone, some from induced hypo- 
tension in combination with general anesthesia and 
some from the use of induced hypotension, general 
anesthesia and surgery. 


Complications 


Induced hypotension is not without its complica- 
tions. Gillies** has termed such a technic “physiologic 
trespass.” Hampton and Little,®%** in a question- 
naire sent to qualified anesthesiologists of Great 
Britain, Ireland and the United States, collected data 
on approximately 28,000 cases of induced hypoten- 
sion under anesthesia. The complication rate re- 
ported was 1 in every 31 cases. Some of the com- 
plications in descending order of frequency were as 
follows: reactionary hemorrhage (bleeding from the 
operative site upon restoration of normal blood pres- 
sure) ; delayed awakening; blurred vision postopera- 
tively; persistent hypotension; anuria, oliguria; car- 
diovascular collapse; cerebral thrombosis; cardiac 
arrest; coronary thrombosis; and retinal thrombosis. 
The mortality in these 28,000 cases was 1 in every 
291 patients, a compromise of the circulation of the 
kidney, brain or heart accounting for more than 50 
per cent of the deaths. 

It follows from a study of the complications and 
mortality that a partial list of contraindications to 
induced hypotension includes generalized arterio- 
sclerosis, cardiac disease, cerebrovascular disease, 
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renal disease, hepatic disease, the extremes of age and 
disturbances in blood volume. The data of Hampton 
and Little indicate that the complications, both 
fatal and nonfatal, are directly and closely related to 
the duration and degree of hypotension. The critical 
level of systolic blood pressure seems to be 80 mm. of 
mercury. With systolic pressure at or above this level 
complications are relatively infrequent. 


HypPorHERMIA 


Virtue®® defines hypothermia as a state of body 
temperature below normal in a homeothermic person. 
Hypothermic anesthesia is defined as analgesia and 
loss of consciousness due to cold. The use of hypo- 
thermic agents in medicine is not new. In 1938 Fay 
and Henny®” reported on the local application of 
cold to malignant lesions. One year later Smith 
and Fay*’ presented their observations on prolonged 
general hypothermia for far-advanced cancer. In 
1941 Talbott®? introduced the term “hypothermia” 
and reviewed the subject up to that time. Crossman 
et al.,°* in 1943, described regional chilling for ampu- 
tation of gangrenous extremities. The application of 
agents producing hypothermia and hypothermic 
anesthesia to general surgery, however, can be traced 
to information obtained from laboratory studies since 
1950. 

Some of the physiologic effects of cold as de- 
termined in the laboratory are briefly and somewhat 
arbitrarily listed below. In the first place oxygen 
consumption of the tissues is reduced approximately 
5 per cent per 1°C. drop in temperature. At a tem- 
perature of 28°C. (82°F.) tissue oxygen require- 
ments are decreased about 50 per cent.** Secondly, 
respirations are progressively slowed as the tempera- 
ture is lowered. Spontaneous respirations may cease 
at temperatures of 28°C. (82°F.) and below. 
Thirdly, the pH of arterial blood decreases as the 
temperature falls and respirations are depressed. 
Fourthly, blood pressure, heart rate and cardiac 
output diminish with cooling.***? Fifthly, coronary 
blood flow and myocardial oxygen consumption de- 
crease; coronary arterial venous oxygen difference 
remains unchanged from the normothermic state.®*®° 
Sixthly, bleeding and clotting times are prolonged.*” 
Finally, plasma volumes are diminished.?°%!” 


Technic of Administering Hypothermia 


Technics for the conduct of hypothermic anesthesia 
have been With most technics, 
routine preoperative medication is recommended. 
Anesthesia is first induced with a general anesthetic, 
and an endotracheal tube is inserted. Electrocardio- 
graphic leads and a thermocouple or rectal ther- 
mometer should be in place throughout the entire 
procedure. The methods used for cooling are rela- 
tively simple, such as immersion in ice water, pack- 
ing in ice and wrapping in refrigerated blankets. 
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Shivering must be controlled to obtain proper cool- 
ing. This is accomplished with muscle relaxants or 
increased depth of anesthesia. Chlorpromazine is 
thought by some to aid in rapid cooling and the 
control of shivering.'°?°° The patient is removed 
from the cooling medium when the temperature has 
made about 60 per cent of the desired fall. The 
temperature will continue to drift downward the re- 
maining 40 per cent at a somewhat inconstant rate. 
At temperatures of about 28 to 30°C. (82 to 86°F.) 
no further anesthetic drugs are needed. Respirations 
are controlled, and hyperventilation is instituted. In 
open-heart surgery, during occlusion of the vena 
cava, no respiratory movements on the breathing bag 
are attempted. The cooling process may take from 
one to three hours. As soon as definitive surgery is 
finished, rewarming is started. During rewarming, 
consciousness returns at 32 to 34°C. (90 to 93°F.). 
The rewarming time varies but is usually about two 
thirds of the time required for cooling. 


Clinical Applications 


Intracardiac surgery. The reduced oxygen con- 
sumption and diminished metabolic needs of the 
hypothermic tissues have allowed the heart to be 
excluded from the general circulation for periods of 
six to eight minutes without causing irreversible dam- 
age to the brain. With these conditions the vena 
cava can be clamped, and the bloodless heart opened 
for surgical procedures under direct vision. Lewis 
and Taufic’” first reported the successful use of 
hypothermia for intracardiac surgery on a human 
patient. They have since presented 11 cases of defect 
of the atrial septum operated on with the body in a 
state of hypothermia.’ Bailey et have de- 
scribed 13 patients, 4 of whom underwent an open 
technic, 1 resulting in the successful closure of a 
defect of the interventricular septum. Swan and his 
associates’? have reported on 100 cases; 59 of these 
were for intracardiac procedures under direct vision. 
This series included 12 successful operations for pul- 
monary valvular stenosis. 

Adjunct to conventional surgery. McQuiston®™ 
first reported the use of hypothermia clinically to 
reduce oxygen requirements in cyanotic children un- 
dergoing surgical treatment. Other observers have 
since agreed with his impression of the beneficial 
effects of cold in these patients.*°%*?*:*** 

Hypothermia is a potent anesthetic agent in itself. 
Below 28 to 30°C. (82 to 86°F.) no further drugs 
are needed. In prolonged procedures and in the 
presence of severe liver disease cold may be less toxic 
than some pharmacologic agents. A variety of pro- 
cedures such as portacaval shunt, abdominoperineal 
resections and total cystectomies have been per- 
formed on poor-risk patients under hypothermia. 
These patients are reported to have been benefited 
from a decrease in the metabolic requirements dur- 
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ing surgery and the lack of anesthetic effects after 
operation. 

In neurosurgery, hypothermia has been induced to 
lower brain cellular metabolism and allow occlusion 
of all cerebral circulation for a period without caus- 
ing irreversible damage. Encouraging results, par- 
ticularly with aneurysms, have been reported.*?*7*° 

DeBakey and Cooley™” and Cooley et have 
used hypothermia for resection of thoracic and aortic 
aneurysms. These workers believe that the protection 
afforded the spinal cord and liver by the diminished 
oxygen tissue requirements during occlusion of the 
aorta makes resectable virtually all aneurysms of the 
thoracic aorta located distal to the origin of the left 
common carotid artery. 


Complications 


The major and most feared complication of hypo- 
thermia is ventricular fibrillation. It may occur at 
any time during the cooling process with or without 
occlusion of the circulation. Occlusion of the circu- 
lation and manipulation of the heart increases the 
incidence. The incidence rises sharply with tem- 
peratures below 25°C. (77° F.). 

Swan and his associates’® report 22 cases of car- 
diac arrest (7 of standstill and 15 of ventricular fibril- 
lation) in a series of 100 cases. Lewis, Varco and 
Taufic?® described ventricular fibrillation in 4 of 11 
cases, and Bailey et al.‘°* mention ventricular fibril- 
lation in 8 of 13 cases. 

Hyperventilation to induce respiratory alkalosis 
and decrease the hydrogen ion concentration of the 
blood is believed by some to reduce the incidence of 
ventricular fibrillation.1?®?*° Electric shock is rela- 
tively ineffective in defibrillating the cold heart.’”* 
Intermittent cardiac compression and immediate re- 
warming may restore the rhythm to normal. Per- 
fusion of the coronary circulation with a solution of 
potassium chloride has been reported as effective in 
defibrillating cold Neostigmine (Pros- 
tigmin), administered by coronary perfusion, has 
also been reported as valuable for defibrillation both 
experimentally and 

Peripheral neuropathies occurred in 12 of 100 
cases reported by Swan et al.*°° The cause of these 
neuropathies is not definitely established. The tem- 
perature of the extremities may drop considerably 
below the temperature recorded rectally. Cold may 
increase the sensitivity of peripheral nerves to pres- 
sure injury. 

Other complications include coronary air emboli, 
hemorrhage after rewarming with return of blood 
pressure to normal, shock and cardiac dilatation 
from too rapid return of blood flow to the heart 
after occlusion. 


CHLORPROMAZINE 


It was not to be expected that the field of anes- 
thesia would escape an investigation into the appli- 
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cability of this drug, which has been extensively 
tried for a variety of conditions. 

Reference to the use of chlorpromazine in hypo- 
thermia as an aid to cooling and for the control 
of cardiac arrhythmias has been made.?%:1%.114 The 
value of this drug as an adjuvant to hypothermic 
anesthesia has been questioned.?** 

Chlorpromazine has been studied as a substitute 
for premedication.’**-*** In one series, sedation was 
reported as absent to minimal in over 50 per cent of 
the cases. Furthermore, induction with inhalation 
agents was frequently slow and stormy. A drying 
effect, present subjectively, was not as evident ob- 
jectively in cases in which a belladonna derivative 
had been withheld. Hypotension developed in a sig- 
nificant number of patients receiving the drug. This 
hypotension was more frequent and pronounced with 
parenteral administration and, once _ established, 
often tended to be refractory to the effect of vaso- 
pressors given in the usual dosages. 

Chlorpromazine seems to potentiate the action of 
some anesthetic drugs.’*”?78 Relatively small doses 
are effective in potentiating or adding to the potency 
of preoperative medication and in decreasing the 
amounts of anesthetic agents required during the 
surgical procedure. Postanesthetic awakening, how- 
ever, may be unduly prolonged. 

Small intravenous doses of chlorpromazine have 
been used to control postoperative delirium. Patients 
tend to return to a deep sleep for an hour or more. 
Again, hypotension may be present. 

The effectiveness of chlorpromazine in the treat- 
ment of nausea and vomiting has been reported.??9"191 
Whether this drug offers any significant improvement 
over results obtained with other antiemetics, some of 
which have considerably fewer side effects, has not 
been ascertained. 

Side effects include the tendency, already men- 
tioned, to produce a hypotension refractory to the 
usual doses of vasopressors, pain on intramuscular 
injection, residual soreness at the injection site and 
jaundice after prolonged administration. 

Chlorpromazine does offer considerable promise 
in the treatment of hiccups both under anesthesia 
and in patients who are not undergoing opera- 
tion.***188 The routine use of chlorpromazine in 
anesthesia does not seem to be warranted in view of 
the lack of definite, demonstrable superiority over 
other drugs and the presence of frequent undesirable 
side effects. A possible exception to this generaliza- 
tion is its use in obstetric anesthesia, in which the 
tranquilizing and antiemetic effects are of great im- 
portance. 


HypROXxYDIONE (VIADRIL) 


The anesthetic effects of steroid hormones have 
been recognized for some time.?**1%° Recently, clini- 
cal reports on the use of Viadril (21-hydroxypre- 
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te have 


appeared. The drug is administered intravenously in 
a 1.0 to 2.5 per cent solution. The usual dose for in- 
duction is approximately 500 mg. It is a hypnotic 
and a weak analgesic agent. It produces an electro- 
encephalographic pattern similar to that of thio- 
pental. Induction is quite prolonged, and may take 
ten to twenty minutes. The anesthesia usually must 
be supplemented with some analgesic agent. The 
solution may be irritating to veins and subcutaneous 
tissue. Muscle twitchings or spasms of the extrem- 
ities occasionally occur. Hypotension may follow its 
rapid administration. 

It is not easy to draw the conclusion that this drug 


has little clinical application at present. 


It is of 


interest as a possible precursor to a series of new 


derivatives. 
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MEDICAL INTELLIGENCE 


ICHTHYOSIFORM ATROPHY OF THE 
SKIN IN HODGKIN’S DISEASE* 


Francesco RoncueEseE, M.D.,} AND 
Donatp C. Gates, M.D.t 


PROVIDENCE, RHODE ISLAND 


N 1943 one of us' reviewed the literature on the 
nonspecific cutaneous manifestations described in 
Hodgkin’s disease, and reported a case in a twenty- 
four-year-old man, who, eleven months before dying 
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Ficure 1. 
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developing in advanced age. Attention was called to 
this cutaneous nonspecific toxic manifestation of 
lymphogt t perhaps heralding the final 
stage of the disease. No previous author, as far as we 
know, mentioned this senile type of ichthyosis oc- 
curring as a manifestation of Hodgkin’s disease and 
particularly of aggravation of the disease. 

Reiches? reported development of ichthyosis four 
months before death from generalized carcinomatosis. 
Epstein and MacEachern’ say that exfoliative eryth- 
roderma was the characteristic cutaneous lesion in 
66.6 per cent of a series of cases of Hodgkin’s disease 
investigated from hospital records. Nanta and 
Chatellier* spoke of ichthyosiform hyperkeratoses as 
exceptional cutaneous reactions in Hodgkin’s disease. 
Bluefarb> considered ichthyosiform atrophy of the 
skin in Hodgkin’s disease a nonspecific toxic cutane- 
ous manifestation also found in multiple myeloma 
and lymphosarcoma. 


B 


Ichthyosiform Atrophy of the Skin in ef Case of Hodgkin’s + ec (A), Disappearing after X-Ray Therapy and 


itrogen Mustard (B) 


from the disease, manifested a dry, wrinkly, hyper- 
pigmented, atrophic skin representing the familiar 
rhomboidal figuration of acquired ichthyosis, the type 
» commonly called senile ichthyosis because often seen 


*From the Veterans Administration Hospital. 

Associate professor of clinical dermatology, Boston University School 
Hospitals, Boston. 

{Ward physician, Veterans Administration Hospital. 


Since the observation of 1943 mentioned above,? 
10 more cases have been reported. Glazebrook and 
Tomaszewski® presented the case of a fifty-year-old 
fisherman, who was admitted to the hospital com- 
plaining of scaliness of his skin of a few weeks’ dura- 
tion. The entire cutaneous surface became subsequent- 
ly ichthyosiform. A biopsy of a lymph node showed 
Hodgkin’s disease. The metabolism of vitamin A was 
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investigated, and the authors suggested that the 
atrophy may have been a secondary effect of the 
vitamin A upset. Welch and Epstein’ reported a case 
in which ichthyosiform atrophy was the main com- 
plaint and led to a diagnosis of lymphoblastoma. 
Piaggio Blanco and Montero® quote a paper by 
Piaggio Blanco, Pasayro and Sanguinetti with a de- 
scription of a case in which ichthyosiform atrophy, 
with the usual clinical and pathological features, ap- 
peared six months before any other symptom of 
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and then had a recurrence of the disease and the 
ichthyosis, and both improved with transfusions. The 
second of Sneddon’s cases concerned a fifty-two-year- 
old man with a history of diarrhea and fatigue and 
scaly, leafy skin (including the flexures) of five weeks’ 
duration. A tentative diagnosis of Hodgkin’s disease 
was made because of the dryness of the skin. The 
diagnosis was confirmed at autopsy. The third patient 
was a sixty-seven-year-old man complaining of eczema 
for two years. Four months before admission hard, 


B 


Figure 2. Atrophic, Ichthyosiform Skin, Showing Mild Hyperkeratosis, Thinning and Flattening of the Epidermis and 
Increased Melanin Pigmentation (A), and the Same Area after X-Ray Therapy and Nitrogen Mustard (B). 


Hodgkin’s disease. The atrophy disappeared in part 
after x-ray therapy. Forman® presented before the 
Royal Society of Medicine, Section on Dermatology, 
the case of a fifty-six-year-old man with ichthyotic 
skin and enlarged lymph nodes of five months’ dura- 
tion. An excised lymph node showed reticulum-cell 
sarcoma. In the discussion Vickers’® stated that he 
had seen a case of Hodgkin’s disease with ichthyosi- 
form dermatitis. 

Sneddon™ reports 4 cases. The first was in a 
forty-eight-year-old man, ill for five months, who 
noticed that his skin became dry two months before 
hospitalization. The skin was indistinguishable from 
a congenital ichthyosis. A lymph-node biopsy showed 
Hodgkin’s disease, and a skin biopsy hyperkeratosis 
and atrophy. The patient improved with treatment 


painless lumps appeared on the shoulders and chest. 
Atrophy of the skin, including the flexures, was noted. 
This was of recent date. The diagnosis of the nodules 
was reticulosarcoma, Hodgkin’s type. The fourth 
case was that of an eighty-five-year-old woman com- 
plaining of painless lumps on the neck and trunk and 
mild generalized ichthyosis of recent onset. The 
pathology was a reticulosis of mycosis-fungoides 
type. 
Boudin, Barbizet and Brion’* describe the case of 
a forty-nine-year-old man hospitalized for general 
weakness, fever and enlargement of the liver, with a 
skin of striking appearance. The entire cutaneous 
surface looked like a mosaic, made up of scales the 
size of a nail. The cutaneous disorder had been 
present for about one year. Only at autopsy was an 
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intestinal tumor diagnosed as Hodgkin’s disease. 
The dermatosis was the principal clinical sign. 

We wish to report an eleventh case with definite 
ichthyotic features, consistence and pathology of the 
skin, in which the peculiar dryness of the skin be- 
came more and more apparent with increase in the 
severity of the symptoms of the disease, and in which 
the dryness disappeared and the skin returned to 
apparent normalcy repeatedly as a result of treat- 
ment (x-ray therapy and nitrogen mustard). 


Case Report 


A 50-year-old man, of Italian ancestry, a veteran of 
World War I, entered the Medical Ward on April 28, 1952, 
complaining of masses in the right side of the neck of 3 
months’ and loss of strength and weight of 6 months’ dura- 
tion. The skin was dry, dark and scaly. 

A cervical lymph node was removed for microscopical 
examination, and a diagnosis of malignant lymphoma, 
Hodgkin-granuloma type, was made. Deep x-ray therapy 
initiated on May 16 was followed by small elevations of 
temperature. He received a total of 1250 r to the right 
side of the neck, and the masses disappeared completely. 
At discharge on June 18 a change in the texture of the 
skin was noted, but little importance was attached to this 
observation at the time. 

On the 2d admission, on September 9, the temperature 
was 102°F., there was further loss of weight, and the patient 
complained of cough and lumbosacral pain. It was noted 
that the skin was of a sallow color, nonelastic and wrinkled, 
with fine and large scales. The right side of the neck was 
hyperpigmented as a result of the previous x-ray therapy. 
No lymph nodes were palpable in the neck or anywhere 
else, but x-ray study disclosed partial destruction of the 3d 
lumbar vertebra. 

e most notable feature, besides the temperature, the 
pain and the general weakness, was the ichthyosiform 
atrophy of the entire skin (Fig. 14) and the rhomboidal 
scales usually seen as a permanent feature in the so-called 
senile ichthyosis. The distribution was on the entire body, 
including the flexures and creases. The patient ran daily 
elevations of temperature as high as 103°F. Because of low 
hemoglobin (8.6 gm. per 100 ml.) transfusions were given 
for 5 days. A total of 2000 r was given to the lumbar spine, 
followed by nitrogen mustard in dosages of 5.5 mg. daily 
for 4 days, a total of 22 mg. The temperature fell to 
normal; the white-cell count went from 6800 to 1800. When 
discharged on October 24, the patient had gained 5.9 kg. 
(13 pounds) in weight and was feeling generally well. A 
most remarkable change was noted in his skin (Fig. 1B), 
which had returned practically to a normal color, appear- 
ance and consistence. 

He was readmitted to the hospital for the 3d time on 
January 19, 1953, with the same symptoms: high tempera- 
ture, fatigue, loss of weight and marked ichthyosiform 
atrophy of the entire skin (Fig. 24). This time clinical 
photographs were taken, and a biopsy performed. This 
showed a heavy horny layer, all the other layers being thin, 
and the papillae flat. No evidence of lymp 
was found. He received transfusions and the same course 
of nitrogen mustard therapy, which resulted in increase 
in weight, a sense of well-being and return of the skin to 
normal, as after the previous course of treatment (Fig. 2B). 
A repetition of the same course of events occurred at the 
time of the 4th admission, between April 27 and June 11, 
1953, and after the 5th admission, from December 14, 1954, 
to January 21, 1955. The same ichthyosiform skin was 
observed. He again received blood transfusions and nitrogen 
mustard, followed by deep x-ray therapy. As previously, he 
improved immediately; his appetite ard 9 he gained 
weight, and the skin returned to a normal appearance. 


SUMMARY AND CONCLUSIONS 


An ichthyosiform atrophy, of the senile ichthyosis 
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type, developed in the skin of a man suffering from 
Hodgkin’s disease. 

The skin returned to an apparently normal ap- 
pearance and consistence after x-ray and nitrogen 
mustard therapy, together with an increase in weight 
and general well-being. 

This change from atrophy to normal and vice 
versa was observed in five admissions and discharges. 

This is the eleventh case of this kind so far re- 
ported. 

Even if such a manifestation is apparently non- 
specific, Hodgkin’s disease, or a disease of the lym- 
phoma group, should be remembered when one is 
presented with a case of sudden change of texture 
of the skin from normal to ichthyosiform. 
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THYROID FUNCTION IN LEGG- 
PERTHES DISEASE 


M. Cuapman, M.D.* 
BosToNn 


ORRIGAN and his associates! reported that of 

35 patients with Legg—Perthes disease studied by 
their methods none had normal thyroid function. 
It has long been suspected that some relation existed 
between Legg—Perthes disease (aseptic necrosis of 
the head of the femur) and thyroid function, but 
previously no one could establish evidence of a sig- 
nificant alteration of thyroid function in such pa- 
tients. Several years ago Albright* called attention 
to the fact that changes simulating Legg—Perthes 
disease could occur in the epiphyses of many bones 
during juvenile myxedema. Likewise, Jackson, 
Hanelin and Albright® emphasized the fact that a 
single roentgenogram of one epiphysis (hip) in mul- 
tiple epiphyseal dysplasia may resemble the changes 


*Assistant clinical professor of medicine, Harvard Medical School; 
physician, Thyroid Clinic, Massachusetts General Hospital. 
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seen in cretinism, Morquio’s disease or Legg—Perthes 
disease. 

In a further search for the truth in this matter, 
10 children with Legg—Perthes disease were examined 
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similarity of the measurable serum protein-bound 
iodine. These patients live under identical conditions 
of activity, clothing and diet. In support of these 


findings, clinicians over the past twenty-two years 


Tas_e 1. Thyroid-Function Studies in Legg—Perthes Disease. 


BirtH Tuyrow SeruM 


48-Hr. TOTAL Iopie Location CoMMENT 
Date Gianp Uptake ProreIn- ODINE 24-Hr. OF OF 
or [131* BounpD URINE LESION DisEase 
Iop1net+ SPECIMEN 
"sa wo 
P.de B 849 F 8-1-46 Normal 29 5.6 5.7 105 Left hip 2 yr. Mother always 
.F.D 863 F 1-25-47. Normal 29 4.1 4.5 Left hip 1 yr. Mother had I- 

J thyroidism 

J.S.H. 867 11-9-43 Normal 32 5.1 6.7 Left hip 1 yr. 

L.M.F 878 6-11-45 Normal 35 6.6 7.6 167 Left hip 1 yr. Coie pete & 

at 

L.A.P.t 884 F 3-25-51 Normal 33 4.7 4.7 Both hips 6 mo. 

D.A.P.t 876 M 4-1-47 Normal 32 4.9 5.9 149 Right hip 1 yr. 

S.W.T. 868 M 6-18-46 Normal 33 4.8 6.6 110 Right hip 18 mo. 

T.S., Jr.t 871 M 11-7-47 Normal 32 5.2 7.0 Left hip 10 mo. 

J.T.C 844 M 7-6-43 Normal 33 5.3 5.6 Left hip 2, yr. ‘Father, peso 
uncle 
Lean Perthe 

erthes 

disease 

R.R.W.t 881 M 5-7-49 Normal 29 5.5 6.4 Left hip 10 mo 


*Accepted normal values, 25 to 52%. 
+Normal values, 4 to 8 microgm./100 ml. 
tIn active phase of disease. 


especially for evidence of thyroid disease. A carefully 
taken history was included, and physical examina- 
tion of each child was done at the New England 
Peabody Home for Crippled Children. Then, the 
forty-eight-hour uptake of radioactive iodine by the 
thyroid gland was measured at the Thyroid Labora- 
tory of the Massachusetts General Hospital, and 
blood drawn for the determination of the serum 
protein-bound iodine. It is believed that these tests 
are the most informative laboratory indexes of thy- 
roid function. 

It is evident from the data in Table 1 that with 
these methods of study, no evidence of thyroid dys- 
function could be discovered in 5 girls and 5 boys 
with Legg—Perthes disease. The interesting physio- 
logic feature of the data is the remarkable uniformity 
of the thyroid avidity for radioactive iodine, and the 


found no evidence of thyroid disease in the 65 pa- 
tients (14 girls and 51 boys) with Legg—Perthes 
disease treated at the New England Peabody Home; 
1 patient did have pan-hypopituitarism with hypo- 
thyroidism as part of the syndrome, and yet the 
course of his Legg—Perthes disease seemed unaltered 
by thyroid, 120 mg., administered daily for four of 
the six years he was in the home. 
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CURRENT CONCEPTS IN THERAPY* 
SULFONAMIDES 


LTHOUGH the newer antibiotics have replaced 
the sulfonamides in the treatment of many in- 
fections the sulfonamides are still of great value in 
therapy. Used wisely, they have much to offer and 
are frequently the agents of choice. Since they are 


*Prepared under the supervision of the Journal’s Committee on 
Advertising. 


easily synthesized they can be produced in large quan- 
tities at little cost, and, consequently, they are the 
most economical of the drugs used to combat infection. 

The sulfonamides in the usual blood-stream con- 
centrations are bacteriostatic agents that restrain 
growth of bacteria, thus permitting normal phago- 
cytic and immune processes to clear up the infections. 
When concentrated at high levels, as in the urine, 
they can have a bactericidal effect. Although not 
supported by some facts, the theory that the sulfon- 
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amides act by interference with the utilization of 
para-aminobenzoic acid by the organism explains 
many of the observed data.‘ Sulfonamide resistance 
appears not uncommonly and certainly more fre- 
quently in infections that have not been eradicated 
by two weeks of therapy. This resistance may be of 
two types. A rapidly appearing and readily lost re- 
sistance is produced when variation by enzyme adap- 
tation occurs, and a more slowly developed and 
usually permanent resistance results from variation 
by selection in which the resultant organisms are 
different enzymatically from the parent. If resistance 
is to be avoided, infections must be cleared promptly, 
and this is best done by maintaining adequate blood 
levels at all times.” 

After absorption the sulfonamides readily diffuse 
into all body fluids, including the cerebrospinal fluid, 
where levels of 50 per cent or more of the blood level 
are easily attained. They are then either acetylated, 
combined with serum protein, or excreted unchanged. 
The degree of acetylation and protein combination 
varies with the preparation and the level of the drug 
in the blood stream. Most acetylated forms are less 
soluble in the urine and are a hazard to the genitouri- 
nary tract unless adequate urinary flow, 1500 ml. or 
more daily, is maintained and highly acid urines 
avoided. Consequently, such a preparation as a 
mixture of three sulfonamides, which is highly effec- 
tive and yet, owing to the individual solubility of 
the acetyl derivative, has minimum potentiality for 
crystalluria, is highly satisfactory.* 

Excretion is by the kidney and therefore is de- 
pendent on good renal function and an intact geni- 
tourinary tract. In the presence of renal impairment 
dangerous levels of the sulfonamides can readily 
occur. 

Prescribed wisely a sulfonamide offers no more 
hazard than any other potent agent. Some toxic 
reaction will develop in approximately 5 per cent of 
patients. These consist of the less severe effects of 
nausea, vomiting, fever, headache and dizziness, or 
the more serious effects of damage to the kidneys, 
with hematuria, oliguria or anuria, skin rash, anemia, 
leukopenia, or agranulocytosis and hepatic or wide- 
spread vascular damage. 

The sulfonamides are very useful against many 
infections and may be the treatment of choice in 
meningococcal infections and some bacillary dysen- 
teries. They may be adequate for uncomplicated 
pneumococcal and streptococcal infections and some 
infections of the urinary tract. Alone or in combina- 
tion with antibiotics, they may be helpful in the treat- 
ment of infections caused by streptococci, staphylo- 

cocci, pneumococci, meningococci, gonococci, colon 
- bacilli, anthrax, shigella, cholera, Haemophilus in- 
fluenzae and brucella. They are also helpful against 
infections caused by large viruses, such as granuloma 
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inguinale, lymphopathia venereum, ornithosis and 
psittacosis. They are of limited value against in- 
fections due to Aerobacter aerogenes, proteus, Pseu- 
domonas aeruginosa, clostridia and Pasteurella tula- 
rensts. 

Although over 5000 sulfonamides have been syn- 
thesized, therapeutic needs are adequately covered 
by a few readily absorbed, systemic-acting prepara- 
tions. Sulfadiazine may be used alone, in combination 
with sulfamerazine and sulfamethazine, or with sulfa- 
merazine and sulfacetamide. Others that have been 
shown to be useful include sulfacetamide, sulfisoxazol 
(Gantrisin) and those acting locally in the bowel, suc- 
cinylsulfathiazole (Sulfasuxidine) and phthalylsulfa- 
thiazole (Sulfathalidine). Mafenide (Sulfamylon) is 
a unique sulfonamide that is commonly used topically 
since it is active even in the presence of pus, whereas 
the other common ones are not. 

Sulfonamides should be given in sufficient amount 
to maintain an adequate blood level — usually, about 
10 mg. per 100 ml. is satisfactory. A level that is 
too low may hasten the development of resistance 
and give a poor effect, whereas a level that is too 
high is more likely to have a toxic effect. Usually, 
an initial dose of 4 to 6 gm. of sulfadiazine or triple 
sulfonamides followed by 1 gm. every four hours 
gives excellent results: larger amounts of sulfisoxazol 
may be used, generally 1.5 gm. every four hours. 
Since the kidney concentrates these agents ten to 
twenty times, excellent results are frequently ob- 
tained in the treatment of urinary-tract infections 
with a dose of 2 gm. every twelve hours. Succinyl- 
sulfathiazole and phthalylsulfathiazole administered 
for local intestinal effect should be given in a dose 
of 3 gm. three or four times a day. 

The topical use of sulfacetamide as a 30 per cent 
solution or 10 per cent ointment for susceptible in- 
fections of the eye is very useful. Mafenide (Sul- 
famylon), as a 5 per cent solution, is effective applied 
topically in otitis, sinusitis and other infections of the 
mucous membrane or cutaneous lesions. 

There is little or no merit to the routine adminis- 
tration of combinations of sulfonamides with other 
antibiotics. Best results with the sulfonamides, as 
with other agents, can only be obtained by the proper 
adjustment of dose. When indicated, penicillin or 
other antibiotics may be given concurrently with ex- 
cellent effect. Topical applications, except as indi- 
cated above, are usually undesirable. 
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CASE 42321 
PRESENTATION OF CASE 


First admission. A thirty-three-year-old laborer en- 
tered the hospital because of joint pains. 

Thirteen years previously episodes of external dysp- 
nea and palpitation were noted. One year later pain- 
ful swelling and limitation of motion of the joints 
of the extremities occurred. With rest the swelling 
and pain subsided, and there was return of full mo- 
tion. Joint symptoms recurred one year and four 
years later. Slight exertional dyspnea continued. 
During the two years before entry there were episodes 
of sudden severe pain in the sacroiliac region and 
intermittent painful swelling of the ankle joints. The 
last severe exacerbation occurred four months before 
admission. 

He was said to have had rheumatic fever with 
painful joints for several months when he was three 
and chorea when he was eight years of age. 

Physical examination showed a well nourished man 
who complained of pain with movement of the lower 
back. There was tenderness over the lumbosacral 
joints. Both ankles were swollen and tender. The 
heart was not enlarged. The pulmonic second sound 
was louder than the aortic. A Grade 1, apical systolic 
and a Grade 2 diastolic murmur that was loudest 
along the left sternal border, especially in the third 
intercostal space, were audible. Examination of the 
lungs and abdomen was negative. There was no 
edema. 

The temperature was 98°F., the pulse 80, and the 
respirations 20. The blood pressure was 130 systolic, 
50 to 30 diastolic. 

The urine was normal. Examination of the blood 
revealed a hemoglobin of 14 gm. per 100 ml. and a 
white-cell count of 7400. The sedimentation rate 
ranged between 0.60 and 0.82 mm. per minute. X-ray 
films of the chest showed straightening of the upper 
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left cardiac border, most pronounced posteriorly in 
the left anterior oblique view; the heart was not en- 
larged, and no intracardiac calcification was observed ; 
the aorta and lungs were normal. Films of the spine 
demonstrated sclerotic changes about both sacroiliac 
articulations, with widening and irregularity of their 
margins inferiorly. X-ray films of the ankle joints 
showed no characteristic changes. An electrocardio- 
gram revealed a normal rhythm at a rate of 70; the 
PR interval was 0.22 second; the T waves were up-— 
right in Leads 1 and 2 and isoelectric in Lead 3; the 
P waves were split in Leads 1 and 2. 

With the use of a plaster shell the back pain was 
relieved. About a week before discharge there was 
a transitory episode of swelling of the sternoclavicular 
joints. 

The patient was discharged improved on the forty- 
second hospital day. 

Second admission (twelve years later). Several 
months after discharge, because of recurrent painful 
swelling of the ankles and pain in the back as well 
as stiffness and aching of the left fourth finger, sali- 
cylate therapy was given, with improvement. There 
was also an episode of acute uveitis on the right. 
Subsequently, there continued to be exacerbations 
and remissions of pain in the joints. A year later 
intramuscular gold therapy was given, with improve- 
ment in joint symptoms. Because of the occurrence 
of a maculopapular skin rash and leukopenia the gold 
was discontinued. The sedimentation rate ranged 
between 0.43 and 1.00 mm. per minute. An electro- 
cardiogram nineteen months after discharge showed 
a normal rhythm at a rate of 80, with a rare ventricu- 
lar premature beat; the PR interval was 0.18 second; 
the axis was normal; the T waves were upright in 
Leads 1, 2 and 3; the P waves were low and indistinct 
in Leads 2 and 3. An x-ray film of the right foot five 
months later showed minor degenerative changes of 
the tarsal bones; an ill defined spur was seen arising 
from the base of the os calcis. 

Nine years before entry physical examination re- 
vealed the cardiac impulse to be at the anterior axil- 
lary line in the sixth left intercostal space. A loud, 
blowing, diastolic murmur, loudest at the apex, was 
audible over the precordium; the aortic second sound 
was absent and replaced by the murmur. There was 
a moderate amount of lower thoracic kyphosis that 
could not be corrected by attempted extension of the 
spine. X-ray films of the chest demonstrated some 
evidence of left ventricular hypertrophy. Because of 
constant, severe, throbbing pain in the mid-thoracic 
spine, aching in the lower back and an occasional 
twinge of pain in the left ankle, salicylate therapy 
was continued with barbiturates, and a plaster cast 
for the back was again used. There was improvement 
with this regimen. The sedimentation rate ranged 
between 0.26 and 0.68 mm. per minute. Six months 
later x-ray films of the spine showed the sacroiliac 
joints to be narrower than usual; they were irregular 
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in their inferior half and exhibited increased density; 
the smaller joints of the lower lumbar spine appeared 
slightly narrower than usual; there was narrowing of 
the intervertebral disk between the twelfth dorsal 
and first lumbar vertebras, with bridging of these 
two vertebras and some degenerative changes of the 
second and third lumbar vertebras. Four months 
later slight exertional dyspnea associated with some 
malaise and occasional ankle edema occurred. There 
continued to be episodes of joint pain. The spine 
remained rigid, and there was pain in the upper 
dorsal spine. In addition to the previously noted 
cardiac murmurs one observer heard a very soft 
mitral diastolic rumble. The blood pressure was 146 
systolic, 40 diastolic. Because of a slight increase in 
exertional dyspnea associated with malaise and occa- 
sional ankle edema, salt intake was restricted, and 
digitalis administered. The sedimentation rate ranged 
between 0.27 and 0.44 mm. per minute. 

Six and a half years before admission an electro- 
cardiogram showed a normal sinus rhythm with ven- 
tricular premature beats; the axis was +30°; the PR 
interval was 0.37 second; the T waves were upright 
in Leads 1, 2, aVL and V, through V,, low in Leads 
aVF and V; and diphasic in Leads 3 and V,; the ST 
segments were slightly elevated in Lead aVL and 
sagging in Leads V; and V,; there were deep S waves 
in Lead V, and high R waves in Leads V; and Vg. 
The patient continued to have moderate joint pains 
as well as some exertional dyspnea and palpitations. 
Digitalis was discontinued. The sedimentation rate 
ranged between 0.32 and 0.65 mm. per minute. 

Four months before entry there was a progressive 
increase in exertional dyspnea, with palpitation and 
increased fatigability. Two months later there began 
to be episodes of pain in the left side of the chest, 
with radiation down the left arm. These attacks 
were associated with exertional dyspnea and some- 
times with weakness and sweating. The pain was 
relieved by rest. Orthopnea was noted, and, for two 
weeks before admission, there were episodes of wheez- 
ing and coughing up of blood-tinged sputum, associ- 
ated with pleuritic pain in the left side of the chest 
and axilla, as well as paroxysmal nocturnal dyspnea. 

Physical examination showed a dyspneic man who 
appeared chronically ill. The veins of the neck were 
distended and pulsating. Examination of the lungs 
showed diffuse wheezes and rales, especially at the 
left-lung base. The heart was enlarged, and the car- 
diac sounds were difficult to hear because of the pul- 
monary wheezes. The apical systolic and aortic 
diastolic murmurs were the same as previously noted. 
The liver edge, which was nontender, was just pal- 
pable at the costal margin. There was no edema. 
Marked limitation of motion in the lumbar and 
thoracic spine was noted. 

The temperature was 99.2°F., the pulse 92, and 
the respirations 20. The blood pressure was 135 
systolic, 65 diastolic. 
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The urine was normal. Examination of the blood 
revealed a hemoglobin of 14.7 gm. per 100 ml. and 
a white-cell count of 8400. The sedimentation rate 
was 7 mm. per hour (Wintrobe method). The non- 
protein nitrogen, the total protein, the albumin, the 
globulin and the fasting blood sugar were normal. 
The sodium was 130 milliequiv., the potassium 4.5 
milliequiv., the chloride 89 milliequiv., and the car- 
bon dioxide 29 milliequiv. per liter. The blood Hin- 
ton test was negative. X-ray films of the chest 
showed cardiac enlargement that was seen fluoro- 
scopically to involve the left atrium and ventricle, 
moderate pulmonary vascular congestion, some fluid 
in both pleural cavities and two linear areas of in- 
creased density near the left leaf of the diaphragm. 
An electrocardiogram showed a normal sinus rhythm 
at a rate of 75; the PR and QRS intervals were 0.28 
and 0.16 seconds, respectively; there were slurring 
and notching of the ORS interval in Leads V; and 
Ve; very deep S waves in Leads V; through Vs, and 
tall R waves in Leads V; and V.. A phonocardio- 
gram showed no apparent first sound, a second sound 
of low intensity, a systolic murmur of low intensity 
and a presystolic murmur of moderate intensity at 
the apex; at the pulmonic area there was a delayed 
first sound and a widely split second sound followed 
by a diastolic murmur that was best registered at the 
left sternal border but was seen in all areas. Culture 
of the throat grew out abundant alpha-hemolytic 
streptococci and moderate Neisseria catarrhalis. Cy- 
tologic examination of the sputum for malignant cells 
was unsatisfactory and negative. 

With digitalis and Mercuhydrin therapy the pa- 
tient improved and was discharged on the ninth 
hospital day on digitalis, acetyl salicylic acid and a 
low-sodium diet. 

Final admission (eight months later). In the in- 
terval he felt well until six weeks before entry, when 
increasing exertional dyspnea was noted. Three weeks 
later there was a sudden onset of sharp pleuritic pain 
in the left side of the chest. He began to have a 
cough productive of mucoid sputum, which six days 
before admission was blood tinged. For three days 
before entry the exertional dyspnea worsened, and 
there was frequent paroxysmal nocturnal dyspnea as 
well as ankle edema. On the day before admission, 
in addition to the pain in the chest, there was a dull, 
steady pain over the epigastrium and middle portion 
of the abdomen. On the day of admission numbness 
in the right side of the face was noted, and the right 
side of the mouth appeared to droop. Shortly after- 
ward he suddenly felt dizzy and became cyanotic and 
unresponsive. With oxygen therapy he became re- 
sponsive, and his color improved. 

Physical examination revealed a slightly dyspneic 
man with a marked malar flush. The neck veins 
were distended when he was raised to an angle of 
45°. The carotid pulses were bounding. Examina- 
tion of the chest showed dullness, with diminished 
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breath sounds and moist rales at the left-lung base. 
In addition to previous findings, examination of the 
heart revealed a Grade 3 apical diastolic rumble with 
an obscured second sound. The edge of the liver was 
palpable 3 fingerbreadths below the costal margin. 
There was + + pitting edema of the legs. 

The temperature was 99.4°F., the pulse 134, and 
the respirations 28. The blood pressure was 120 
systolic, 70 diastolic. 


Ficure 1. 

The urine gave a + test for albumin. Examination 
of the blood revealed a hemoglobin of 14.2 gm. per 
100 ml. and a white-cell count of 8500. The non- 
protein nitrogen was 55 mg. per 100 ml. The sodium, 
potassium and chloride were normal. X-ray films of 
the chest demonstrated fluid in the left pleural space, 
elevation of the left leaf of the diaphragm and a 
patchy linear density in the left lower lobe (Fig. 1), 
with some reduction in the size of this lobe. An elec- 
trocardiogram showed a supraventricular tachycardia 
at a rate of 110; the QRS and QT intervals were 
0.18 and 0.40 seconds, respectively; P waves were not 
seen; the QRS segment was depressed in Lead V, 
and elevated in Lead V,; the ST segment and T 
waves were directed opposite to the main deflection 
of the ORS waves. 

On the second hospital day a bilateral superficial- 
femoral-vein ligation was performed; no thrombi 
were found. The abdominal pain subsided, and there 
was an occasional sharp pleuritic pain in the anterior 
portion of the left side of the chest. The patient was 
found dead on the second postoperative day. 


DIFFERENTIAL DIAGNOSIS 


Dr. Gorpon S. Myers*: I think we should first 
look at the x-ray films of the chest. 


*Assistant physician, Massachusetts General Hospital. 
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Dr. C. C. Wane: In the roentgenograms taken 
nearly thirteen years before the final admission the 
lung fields are clear, and the heart is not enlarged. 
From then on there is continuous progressive cardiac 
enlargement, which primarily involves the left ven- 
tricle and to a slight degree the left atrium. The 
aorta is normal in size. The films made during the 
last admission show in addition a few linear, patchy 
densities in the left lower lobe and some fluid in the 
pleural cavities, more on the left side (Fig. 1). There 
is no evidence of intracardiac calcification. 

Dr. Myers: Is there any calcification of the as- 
cending aorta? 


Dr. Wanc: There is none that I can detect in 
the films. 

Dr. Myers: In the film taken at the time of the 
first admission, do you think that the left atrium is 
enlarged? 

Dr. Wanc: No. 


Dr. Myers: Are there other views of the heart? 

Dr. Wanc: There is a lateral projection, but it is 
not helpful. Films of the lumbar spine and pelvis 
show considerable decalcification of the bone and 
slight herniation of the disk into the first lumbar 
vertebra. There is definite evidence of sclerosis and 
narrowing of the sacroiliac joints. 

Dr. Myers: Are those changes consistent with 
rheumatoid arthritis? 

Dr. Wane: Yes. 

Dr. Myers: Do you think that the findings in the 
last film of the chest are compatible with pulmonary 
infarction on the left? 

Dr. Wane: Yes. 

Dr. Myers: I think that I am uncomfortably en- 
sconced on the horns of a dilemma, because this case 
seems to come down to a question of rheumatoid 
heart disease or rheumatic heart disease or perhaps 
both. One thing seems clear: this patient had aortic 
regurgitation of important degree. I have no good 
reason for diagnosing syphilitic heart disease, healed 
bacterial endocarditis or traumatic rupture of the 
aortic valve. It is most unlikely that this will prove 
to be any form of congenital lesion, such as bicuspid 
aortic valve with regurgitation. The patient evidently 
had rheumatoid arthritis. Certainly, the history, in- 
cluding an episode of uveitis, and the x-ray appear- 
ance of the joints indicate that diagnosis. 

Patients with rheumatoid arthritis may have aor- 
titis that produces aortic regurgitation. The rheu- 
matoid process may also involve the myocardium, 
causing prolongation of the PR interval and widen- 
ing of the ORS complexes; it sometimes involves the 
pericardium, causing pericardial effusions. Patients 
who have rheumatoid aortitis with aortic regurgita- 
tion are usually males and ordinarily suffer from 
spondylitis, as this patient did. Aortic regurgitation 
that becomes increasingly free can give rise to an 
Austin-Flint murmur simulating mitral stenosis. The 
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slight systolic murmur at the apex could have been 
caused by dilatation of the left ventricle, with func- 
tional mitral regurgitation. Finally, patients who have 
rheumatoid aortitis with aortic regurgitation may die 
of congestive heart failure. Nothing about this pa- 
tient would exclude the diagnosis, but there are some 
troublesome features. In the first place there was a 
history of rheumatic fever in childhood: he had not 
only joint trouble but chorea. Furthermore, he had 
arthritis and dyspnea for thirteen years before the 
first admission, and yet at the time of the first ad- 
mission the heart was not particularly large, if large 
at all. It would be odd for a patient to carry on for 
twenty-five years after the onset of dyspnea before 
dying of congestive heart failure if the symptoms 
were due to aortic-valve disease. One is tempted to 
think of mitral stenosis even in the absence of a 
mitral diastolic murmur. Sometimes, the murmur 
may not be heard even though stenosis is marked. 

It is most important under these circumstances to 
have a careful evaluation of the patient’s complaint 
of dyspnea. Was he a nervous person with sighing 
respirations typical of neurocirculatory asthenia? Was 
there any indication that the dyspnea was caused 
by asthma or by restriction in vital capacity secondary 
to the arthritis? It would be interesting to know 
what the vital capacity was. 

Dr. Paul D. White has said that in following pa- 
tients with fairly free aortic regurgitation due to 
rheumatic heart disease, a few have shown a decrease 
in aortic regurgitation because of increasing aortic 
stenosis. That might explain the increase in diastolic 
blood pressure in this patient during later admissions 
to the hospital; however, no aortic systolic murmur 
was heard to indicate aortic stenosis. The apparent 
rise in diastolic pressure took place at times when 
the pulse rate was increased. An increase in the 
pulse rate can give rise to an apparent increase in 
diastolic pressure in patients with aortic regurgita- 
tion, the increased rate resulting in a shorter diastolic 
period and less actual regurgitation of blood into the 
left ventricle with each heart beat. 

I come now to the phonocardiogram in trying to 
decide between rheumatic and rheumatoid heart 
disease. It is difficult to understand how one can 
hear a first heart sound at the base over the pul- 
monic area and not hear it at the apex. The phono- 
cardiographers, one of whom is here today, say the 
first heart sound usually has four components — the 
first being atrial, and the second being caused by 
closure of the atrioventricular valves, the third by 
opening of the aortic and pulmonic valves, and the 
final component by the expulsion of blood from the 
ventricle into the arteries. In mitral stenosis the 
phonocardiogram frequently records a delay in the 
appearance of the first heart sound—really the 
second component of the first heart sound — after the 
onset of the QRS complex in the electrocardiogram. 
I believe that the theory is that there is a high 
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gradient of pressure in diastole between the left 
atrium and the left ventricle that is maintained 
throughout the diastolic period in such a way that 
the valve leaflets are held in a more inward position 
than usual so that after the onset of ventricular 
systole it takes longer than usual for the valves to 
close. Such timing of the first sound in a patient 
with mitral stenosis, who is fibrillating, varies ac- 
cording to the preceding cycle length — that is, the 
longer the cycle length, the less the delay. In the 
patient under discussion there was no first sound at 
the apex. What a delayed first sound in the pulmonic 
area means I do not know; but I do not think that 
it is strong evidence in favor of mitral stenosis. In 
fact, the absence of a first sound at the apex, even in 
the presence of a long PR interval (which tends to 
make the first sound less apparent), seems to be 
some evidence against mitral stenosis. Furthermore, 
no opening snap was recorded, and there was no 
evidence of calcification of the mitral valve in the 
x-ray films. 

The two final events — the severe pain in the left 
side of the chest and the blood spitting — suggest 
pulmonary infarcts, especially in a patient who was 
in congestive heart failure. I suppose he could have 
had pneumonitis or atelectasis, but I think pulmonary 
infarcts more likely. I am sure that the Service be- 
lieved this to be the case, for the leg veins were tied. 
The episode of weakness and numbness of the right 
side of the face could have been caused by a small 
cerebral embolus or thrombosis. Very little else is 
said in the protocol except that these symptoms 
cleared up rapidly. I do not know how to evaluate 
the symptoms. 

For my final diagnosis I shall select rheumatoid 
arthritis with rheumatoid involvement of the aorta 
and free aortic regurgitation without disease of the 
mitral valve. I certainly cannot exclude the possi- 
bility of rheumatic heart disease or of both rheumatic 
and rheumatoid heart disease together. I am sure 
that the patient was in congestive heart failure. I 
suppose that he had pulmonary infarcts of the base 
of the left lung and perhaps a small cerebral infarct. 

Dr. BENJAMIN CASTLEMAN: Dr. Sprague, will you 
comment on Dr. Myers’s discussion? 

Dr. Howarp B. SpracuE: I do not recollect that 
I saw the patient, although I am told that he was on 
my Service a year or so ago. Would you read me 
the diagnosis when he was discharged? 

Dr. CasTLEMAN: “Rheumatoid arthritis, spondy- 
litis, rheumatic heart disease with aortic regurgita- 
tion, mitral regurgitation and stenosis and ? aortic 
stenosis — H. B. Sprague.” 

Dr. SpracuE: I am in the same dilemma in which 
Dr. Myers was. A possible explanation for the de- 
layed first sound at the base is that it may have been 
the “early systolic sound” that occurs with dilatation 
of either the aorta or the pulmonary artery — pre- 
sumably, the patient had aortic dilatation. It is 
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thought to be the result of expansion of the vessel 
at the onset of ventricular ejection. 

About the so-called group diseases, I have been im- 
pressed that not only is this a group of diseases but 
that the group is often grouped in the type of patient 
who is discussed at these conferences. The patholo- 
gist may find not one but two or more of the so- 
called group diseases in one patient. Two may have 
been present in the patient under discussion. 

Dr. CasTLeMAN: Dr. Bland, what is your opinion? 

Dr. Epwarp F. Bianp: Of these two experts, one 
has chosen rheumatic heart disease, and the other 
rheumatoid heart disease. 

I favor slightly rheumatic heart disease. I am 
resistant to the concept of “free” aortic regurgitation, 
with a diastolic pressure of 70. In our experience 
the patients with free aortic regurgitation have 
usually had diastolic pressures of 40 to 30 down to 0. 
A point in favor of Dr. Myers’s diagnosis is the 
patient’s dying suddenly in bed at night. That is 
usually the fate of patients with free aortic regurgi- 
tation, after the onset of heart failure or angina 
pectoris decubitus. 

Dr. CasTLEMAN: How large should a heart with 
free aortic regurgitation be? 

Dr. Bianp: I think it should weigh about 1000 
gm. From the x-ray appearance I doubt if this 
patient’s heart weighed over 600 gm. 

Dr. Myers: About six months ago I saw with 
Dr. Reed Harwood a patient who had syphilitic 
aortitis, with aortic regurgitation. He had pulmonary 
edema. I continually measured the diastolic pressure 
in that patient at 60 to 70. I made the comment 
in the record that this was disturbing. However, 
when the congestive heart failure was controlled and 
the heart rate came down, the diastolic pressure 
dropped to about 20. This makes sense from a hemo- 
dynamic standpoint, since one should expect a rise 
in diastolic blood pressure if the pulse rate is rapid. 

Dr. Brann: I am sure that that is true. Con- 
versely, rheumatic children with free aortic regurgi- 
tation and a diastolic pressure of 30, when they have 
vascular crises, usually have no measurable diastolic 
pressure. 

Dr. Marian W. Ropes: Over the many years we 
were impaled on the horns of the same dilemma many 
times. I am sure there was no consensus in our group 
about the diagnosis. During the first few years we 
thought that this patient had rheumatic heart disease 
associated with rheumatoid arthritis. Toward the 
end there was a change of opinion. I thought that 
rheumatoid heart disease was more likely because of 
the increasing evidence of spinal involvement, the 
uveitis and all the other signs that so commonly 
occur in this group of patients. I believed that the 
dyspnea early in the history of this over-reactive man 
was difficult to interpret. He had no dyspnea later, 
and between attacks of failure he did heavy labor. 
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The periods of incapacitation that appeared suddenly 
seemed out of proportion to the organic disease. 

Dr. BLanp: I suppose that subacute bacterial en- 
docarditis was ruled out carefully at the end. 

Dr. Jacos Lerman: Dr. Myers, if there was cere- 
bral embolus, where do you think it arose? 

Dr. Myers: Ordinarily, one would expect that 
only in a patient who was fibrillating; on the other 
hand, we do occasionally see peripheral emboli in 
patients who are not recognizably fibrillating but may 
have paroxysms of fibrillations when not under ob- 
servation. 

Dr. LERMAN: From the atrium? 

Dr. Myers: We are never sure of that. 

Dr. Lerman: Would that argue for mitral ste- 
nosis? 

Dr. Myers: Not strongly enough for me to change 
my diagnosis. 

Dr. CastLtEMAN: Do you think that this patient 
had mitral stenosis, Dr. Lerman? 

Dr. Lerman: On that basis, I should say that 
he had mitral stenosis. 


DIAGNOSES 


? Rheumatoid heart disease, with aortic regurgita- 
tion. 
Pulmonary infarcts. 


Dr. Gorpon S. Myers’s DIAGNosEs 


Rheumatoid aortitis, with aortic regurgitation. 
Rheumatoid arthritis. 

Congestive heart failure. 

Pulmonary infarcts, left base. 


ANATOMICAL DIAGNOSES 


Rheumatoid aortitis, with aortic regurgitation. 
Cardiac hypertrophy and dilatation, marked (970 


gm.). 
Hydrothorax, left. 
Pulmonary congestion. 


PATHOLOGICAL 


Dr. CastLEMAN: The heart weighed 970 gm. 
There was marked flattening of the left ventricle, 
which one would expect with severe aortic regurgita- 
tion. There was no disease of the mitral valve. The 
aortic valve was distorted: the cusps were rolled and 
pulled downward, leaving a large space between the 
edges of the cusps and the aortic wall. There may 
have been a little interadherence at the commissure, 
but no real separation. Above the aortic cusp there 
was a change in the intima, but only for a short dis- 
tance; immediately above this area of change the 
aorta was perfectly normal (Fig. 2). The change 
consisted of plaquelike thickening of the intima and, 
in a few spots, calcification. This appearance is the 
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one we see often in syphilitic aortitis as well as in 
rheumatoid aortitis. 

In microscopical sections through the aorta, the 
intima was thickened and the media was diseased 
with areas of necrosis — so-called necrobiosis — and 
an inflammatory reaction around the vasa vasorum. 
The vessels in the adventitia were very thick — a 
finding characteristic of this condition. A stain for 
elastic tissue revealed spotty areas of absence of elas- 
tica, which were replaced by fibrosis and necrosis. 


FicureE 2. 


I believe that this is the seventh case that has come 
to autopsy out of a series of 18 or 19 in which a 
diagnosis of a rheumatoid aortitis has been made 
clinically. This material is being studied by Dr. 
Richard J. Clark and Dr. Peter S. Kulka at the 
present time. 

Dr. Spracue: Was there any change in the myo- 
cardium? 

Dr. CastLEMAN: In the myocardium there were 
some areas of falling out of myocardial fibers, but 
there were no inflammatory changes, no Aschoff 
bodies and no rheumatoid nodules, which we occa- 
sionally see in the myocardium or pericardium. 

The left pleural cavity contained 1200 ml. of fluid. 
There was marked chronic passive congestion of the 
lungs, but no infarcts and no emboli. The brain was 
normal. 
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Dr. Bianp: I think that it is fair to say that this 
form of heart disease is a Massachusetts General Hos- 
pital entity. The first case was recognized here in 
1936 and carefully studied by Dr. Mallory.7? The 
sections were shown to the late Dr. A. M. Pappen- 
heimer in New York, who had never seen anything 
just like it. Two weeks ago I had the pleasure of 
spending several days with Dr. Paul Klemperer at a 
meeting in Mexico; he probably knows more about 
the pathology of collagen diseases than anyone else. 
We discussed this special form of heart disease. 
He remembered that Dr. Pappenheimer had shown 
him the original sections and that he had thought 
they resembled mostly an acute syphilitic process. 
He said that since then he has not seen a single case. 

Dr. CasTLEMAN: We are certain that it is not 
syphilis. All the cases have been studied carefully 
for syphilis. The original slides were sent to Dr. 
Pappenheimer because he had reported cases of rheu- 
matic aortitis, which looked quite different from this 
condition. 

Dr. Ropes: We are now doing Treponema pal- 
lidum immobilization tests on patients with this con- | 
dition, in the hope of ruling out syphilis more con- 
clusively. 

Dr. CasTLEMAN: There is a report® of 5 cases of 
this condition, 2 with post-mortem examinations, in a 
recent issue of the New England Journal of Medicine. 
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CASE 42322 
PRESENTATION OF CASE 


A seventy-nine-year-old man entered the hospital 
because of jaundice. 

Five or six weeks previously dark urine was noted 
several times. Ten days before admission he had 
epigastric distress after a heavy meal. A stool was 
passed “explosively” three hours after he took milk 
of magnesia. Subsequently, there was persistent ano- 
rexia. Dark urine was again passed during the ten 
days before entry. Four days before admission his 
physician noted that he was jaundiced. The evening 
before entry he became nauseated and vomited a 
recently ingested meal. Except for a vaguely de- 
scribed “lameness” along both costal margins that 
did not radiate, there had been no pain. There was 
a recent loss of 10 pounds in weight. There were no 
chills, fever or clay-colored stools. There had been 
no change in bowel habits. 
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Thirteen years previously a transurethral resection 
for benign prostatic hyperplasia and fulguration of 
a carcinoma of the urinary bladder with implanta- 
tion of radon seeds was done. Except for a brief 
episode of hematuria ten years later there were no 
subsequent signs or symptoms of urinary-tract disease. 
Stilbestrol therapy had been given after the episode 
of hematuria. Bilateral inguinal herniorrhaphies were 
performed three years before admission. 

Physical examination showed a well nourished, 
deeply jaundiced man. Gynecomastia on the right 
was noted. There was no lymphadenopathy. Exam- 
ination of the heart revealed Grade 2 to 3 apical and 
basal systolic murmurs. There was moderate, diffuse, 
deep abdominal tenderness with rebound tenderness. 
The liver edge, which was firm and tender, was felt 
2 fingerbreadths below the right costal margin. A 
palpable, tender gall bladder was noted by one ob- 
server. The spleen was not felt. The testes were 
atrophic. Rectal examination revealed a slightly en- 
larged, irregular, hard, nontender prostate. 

The temperature was 98°F., the pulse 70, and the 
respirations 20. The blood pressure was 120 systolic, 
75 diastolic. 

The urine, which was deeply bile stained, gave a 
++4+44+ test for albumin; the sediment contained 
numerous white cells, bacteria and hyaline and gran- 
ular casts; a culture gave a moderate growth of non- 
hemolytic streptococci, a few Bacillus pyocyaneus and 
abundant coliform bacilli. Examination of the blood 
revealed a hemoglobin of 11.6 gm. per 100 ml. and 
a white-cell count of 9700. The nonprotein nitrogen 
was 33 mg., the total protein 5.3 gm., the bilirubin 
15.2 mg., and the fasting blood sugar 62 mg. and 78 
mg. per 100 ml. The sodium was 136 milliequiv., 
and the potassium 4 milliequiv. per liter. The pro- 
thrombin content was 11 per cent, and the cephalin 
flocculation +++ + in twenty-four hours. The 
alkaline phosphatase was 5.7 units. The amylase was 
7 Russell units. The blood Hinton test was negative. 
A stool specimen, which was dark brown and liquid, 
gave a negative guaiac test. X-ray films of the chest 
were normal except for moderate pulmonary emphy- 
sema. An abdominal film demonstrated involvement 
of the right half of the pelvis and the proximal por- 
tion of the right femur by Paget’s disease; a small 
metallic density was seen within the bony pelvis; 
there was a small bit of calcification opposite the 
right renal pelvis. An upper gastrointestinal series 
showed delay in gastric emptying thought to be prob- 
ably the results of pressure upon the junction of the 
first and second portions of the duodenum; the su- 
perior aspect of the proximal portion of the duo- 
denum was indented; the duodenal loop was slightly 
widened, and there was irregularity of its medial 
aspect inferiorly. An electrocardiogram was normal. 

On the third hospital day it was noted that during 
in postmenopausal women, but I have never seen a 
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lethargic and disoriented. He gradually became semi- 
stuporous, and fibrillary twitchings of the muscles of 
the arms and chest were noted. A lumbar puncture 
on the next day yielded 6 ml. of clear, acellular 
xanthochromic cerebrospinal fluid under an initial 
pressure equivalent to 120 mm. of water and a final 
pressure equivalent to 90 mm.; the total protein was 
45 mg. per 100 ml. The blood ammonia was 126 
microgm. per 100 ml. The prothrombin content was 
less than 10 per cent. Treatment consisted of bed 
rest, one blood transfusion, Mephyton (vitamin K,) 
and fluids given intravenously. The abdominal ten- 
derness persisted and was most marked in the right 
upper and lower quadrants. There was some spasm 
on the right, with inconstant rebound tenderness. 
Increasing abdominal distention and absence of peri- 
staltic sounds were noted. The patient’s course was 
rapidly downhill with deepening jaundice and coma. 
An abdominal paracentesis on the sixth hospital day 
yielded 50 ml. of clear, yellow fluid; cytologic exam- 
ination for malignant cells was negative. The tem- 
perature ranged between normal and 99.6°F. He 
died on the seventh hospital day. Terminally the 
white-cell count was 16,500, and the hemoglobin 
14.8 gm. per 100 ml. 


DIFFERENTIAL DIAGNOSIS 


Dr. Geracp S. Foster*: This seventy-nine-year- 
old man had epigastric distress and anorexia followed 
by progressive jaundice, rapidly became comatose 
and died — all within a seventeen-day period. The 
striking features, therefore, appear to be the progres- 
sive and intense jaundice and the fulminating course. 

Clay-colored stools were not noted before admis- 
sion to the hospital. A stool specimen on admission 
to the hospital was described as dark brown. The 
alkaline phosphatase was only minimally elevated. 
These features, in the face of progressive jaundice, 
should rule out extrahepatic obstruction as the pri- 
mary cause and lead me to turn my attention to the 
liver. There was a + +++ cephalin flocculation, a 
low serum total protein value, a markedly depressed 
prothrombin concentration, apparently in spite of 
treatment with vitamin K, intravenously, and an 
elevated blood ammonia level. These features indi- 
cate severe hepatocellular disease as the cause of the 
jaundice, and it seems reasonable to conclude that 
the illness was on the basis of some sort of fulminating 
hepatic coma and death. 

At this point it might be well to review the x-ray 
films. 

Dr. JosepH HANELIN: Review of the films from 
the gastrointestinal examination shows variable nar- 
rowing at the junction of the first and second por- 
tions of the duodenum. This finding is not persistent, 
as shown in various spot films. Similarly, the inden- 
tation upon the second portion of the duodenum is 
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not sufficiently constant for me to be certain that a 
true abnormal pressure deformity exists. There does 
not appear to be any obvious intrinsic disease of the 
stomach. The lungs are unremarkable except for the 
moderate degree of emphysema, and there is indica- 
tion of Paget’s disease of the right hemipelvis and 
proximal femur. 

Dr. Foster: The films are not too helpful. 
Whether or not the distortions in the vicinity of the 
duodenum are significant is difficult to say. Carci- 
noma of the head of the pancreas or of the ampulla, 
metastatic lymph nodes in the area and biliary-tract 
disease with secondary adhesions all might produce 
such a distortion and might lead to jaundice. How- 
ever, the jaundice under such circumstances would 
be of the obstructive type, so that I am forced to 
turn my attention to other considerations. 

Could this man have had cirrhosis? This history 
here is incomplete. It would be important to know 
something about the previous alcoholic intake and 
the general state of his health before the onset of 
illness. On admission he was described as well nour- 
ished, and there was no ascites, splenomegaly or 
spider angiomas. It would have been helpful to have 
a film of the esophagus along with the gastrointestinal 
series to see if varices were present. The gynecomastia 
and testicular atrophy are difficult to evaluate in view 
of the age of the patient and the previous stilbestrol 
therapy. Evidence for any serious degree of cirrhosis, 
therefore, seems to be lacking; even if there was some 
degree of latent chronic liver disease, I think one 
would have to postulate that something else trans- 
pired to explain the sudden fulminating course. 

Could this have been on the basis of some circula- 
tory disturbance such as is seen with acute thrombosis 
of the hepatic veins? This commonly results in a 
fulminating course, but the usual picture is one of 
a rapidly enlarging liver and ascites, with minimal if 
any jaundice, so that I think that this is an unlikely 
explanation. 

Neoplastic disease of the liver must always be con- 
sidered when jaundice appears in this age group. 
Metastatic disease is the commonest form. The pa- 
tient had a cancer of the bladder fulgurated thirteen 
years before admission and had a brief episode of 
hematuria three years before admission. Metastases 
of a bladder carcinoma usually occur slowly and al- 
most always extend locally. It would be unusual for 
a cancer of the bladder to give extensive metastases 
to the liver without first becoming more manifest 
locally. Stilbestrol therapy was given for a time three 
years before admission after the episode of hematuria, 
and on physical examination at this time he was 
found to have a slightly enlarged, irregular, hard, 
nontender prostate. It is possible that he had a can- 
cer of the prostate. However, there were no signs of 
any bony metastases, and it would be unusual for 
metastatic disease from the prostate to manifest itself 
in this way. Carcinoma of the pancreas with exten- 
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sive metastases to the liver is another possibility. 
However, metastatic lesions to the liver, whatever 
the primary site, usually do not run such a fulminat- 
ing course; jaundice is usually not very intense unless 
extrahepatic obstruction is a factor, which does not 
seem to have been the case here; and laboratory 
studies do not usually show such severe functional 
impairment. Nevertheless, I cannot rule out exten- 
sive hepatic metastases. 

Primary carcinoma of the liver must always be 
considered in any patient presenting evidence of 
hepatic damage and a rapidly downhill course. Pre- 
existing cirrhosis is usually the case, and here evidence 
for it seems to be lacking. One would also expect 
some fever and possibly a larger, harder liver. How- 
ever, as with metastatic disease to the liver, this pos- 
sibility cannot be ruled out. 

A severe toxic hepatitis due to chemicals or drugs 
should be considered in any fulminating case of liver 
disease, and the history should be taken carefully 
with this in mind. The protocol made no mention 
of such an exposure, so that I shall assume that this 
can be ruled out. 

The last category of liver disease that should be 
considered is infection. Pyogenic infection may reach 
the liver via the bile ducts, portal veins or hepatic 
arteries. The bile ducts usually are the route when 
there are cholecystitis, gallstones and an ascending 
cholangitis; the portal veins, when there is intra- 
abdominal sepsis—often appendicitis; and the hepatic 
arteries, when there is infection elsewhere in the body. 
A tender gall bladder was noted by one observer. 
During the course of the illness the patient exhibited 
tenderness both in the upper and lower quadrant on 
the right side, with increasing distention and ileus. 
There was also evidence for pyelonephritis, which 
could have been a source of blood-borne infection. 
However, under these circumstances jaundice is usu- 
ally mild unless there is an associated cholangitis, 
when the jaundice is of the obstructive type. Further- 
more, spiking fever, chills and leukocytosis are char- 
acteristic and were notably absent in this case. The 
abdominal fluid obtained was not purulent. I believe 
that pyogenic abscesses of the liver are therefore quite 
unlikely and think that the pyelonephritis was a coin- 
cidental finding. Miliary tuberculosis and Weil’s 
disease might also be mentioned under this category, 
but seem quite unlikely. 

Finally, we are left with a fulminating viral hepa- 
titis leading to acute necrosis of the liver. The onset 
of the disease with epigastric distress and persistent 
anorexia, the progressive jaundice, the laboratory 
tests indicating severe hepatocellular disease and the 
fulminating course with changes in the state of con- 
sciousness, fibrillary twitchings and finally coma and 
death are all consistent with such a diagnosis. The 
age of the patient is, of course, the major drawback. 
Fulminating hepatitis has occasionally been reported 
in postmenopausal women, but I have never seen a 
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case occurring in a man of this age. Nevertheless, I 
believe that this must remain a consideration. 

In summary, this seventy-nine-year-old man had 
an acute fulminating illness characterized by progres- 
sive jaundice, with evidence of severe hepatocellular 
disease and with rapid progression into hepatic coma 
and death. Of the considerations mentioned above I 
am left with either an unusually fulminating case of 
extensive neoplastic disease of the liver or a severe 
viral hepatitis. The comment in the protocol that 
dark urine was noted five or six weeks previously may 
be a clue in this regard. I am going to assume that 
this meant bile in the urine and indicated that the 
process was probably present at that time. This would 
be a rather long “preicteric” phase for severe hepatitis 
so that I am going to choose an extensive malignant 
process as my diagnosis. In the absence of good evi- 
dence for cirrhosis I find it difficult to diagnose a 
hepatoma, so that this must be metastatic disease, 
and I should guess that the primary tumor was in 
the pancreas. 

Dr. Leonarp Atkins: Dr. Barnes, will you tell us 
the opinion on the ward? 

Dr. BeNyJAMIN A. Barnes: This patient presented 
to those in immediate attendance a bizarre and con- 
fusing picture, with deepening jaundice overshadowed 
by a rapid deterioration in the state of consciousness. 
Simple extrahepatic biliary-tract obstruction seemed 
unlikely because of the precipitous decline in his con- 
dition, and on the ward we favored carcinoma of the 
pancreas, with widespread metastases. He was being 
prepared for exploration to exclude definitely an ex- 
trahepatic block when his condition became so critical 
as to contraindicate any surgical intervention. 


Cumicat DrAcGnosis 
Carcinoma of pancreas, with widespread metastases. 


Dr. Geratp S. Foster’s DiaGnosis 


Carcinoma of pancreas, with metastases to liver. 


ANATOMICAL DIAGNOSES 


Acute fulminant hepatitis with atrophy, probably 
viral, ? toxic. 

Cholelithiasis and choledocholithiasis with intra- 
hepatic calculi. 


PATHOLOGICAL DISCUSSION 


Dr. Atkins: At autopsy the significant findings 
were in the liver and biliary tract. The liver was 
markedly diminished in size, weighing 600 gm.; it 
was soft and yellow tan. The common bile duct, the 
hepatic ducts and the intrahepatic bile ducts were 
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slightly distended. Black, friable, facetted calculi 
measuring up to 0.5 cm. in diameter were found im- 
pacted in the ampulla of Vater, which appeared com- 
pletely obstructed. Similar calculi were present in the 
gall bladder and intrahepatic and cystic ducts. The 
pancreas was normal. | 

Microscopically, there was extensive confluent cen- 
trilobular necrosis of the liver, with remaining islands 
of hepatic cells in the portal areas (Fig. 1). Different 
stages of necrosis from complete loss of liver cells to 
variable degrees of fatty vacuolization were present. 
Regeneration was not a prominent feature. Numer- 
ous bile “thrombi” were present in the biliary canalic- 
uli. There was hemorrhage and an inflammatory 
reaction that consisted of numerous polymorphonu- 
clear leukocytes and a lesser number of mononuclear 
cells throughout the liver. 


Ficure 1. 


One wonders whether this process was the result 
of a “toxic” hepatitis although there was no known 
exposure to a hepatotoxin in this case. It therefore 
appears more likely to have been an acute viral 
hepatitis. The dark urine noted five or six weeks 
before admission was probably related to temporary 
complete obstruction of the common bile duct by 
calculi. The prostate showed benign hyperplasia. 
No evidence of residual tumor was found in the 
urinary bladder. 
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EDITORIALS 


EQUINE ENCEPHALOMYELITIS IN 
MASSACHUSETTS 


Cases of encephalitis due to specific viruses other 
than those of mumps and poliomyelitis are rarely 
diagnosed in New England. Two papers appearing 
in this issue of the Journal, each reporting 2 cases of 
encephalomyelitis that were proved to be caused by 
the virus of eastern equine encephalomyelitis are 
therefore of special interest. The virus was isolated 
from the brain in the only fatal case among the 4, 
whereas the etiologic diagnosis was established sero- 
logically in the other 3 cases. The fatal case was in 
an infant; 1 of the others was also in an infant, who 
has remained unconscious and in a vegetative state 
for more than six months. The remaining 2 cases 
were in adults in the fifth decade of life; both have 
recovered, apparently without sequelae. 

These 4 cases occurred between mid-September 
and the second week in October, 1955, during the 
waning phase of the severest epidemic of poliomyelitis 
ever to occur in eastern Massachusetts. The 4 pa- 
tients all lived within a radius of 15 miles of Boston. 
The source of the infection in the present cases was 
not definitely established. However, as in the only 
other previously recognized occurrence of this disease 
in human beings in this area in 1938, encephalomy- 
elitis due to the same virus was prevalent and highly 
fatal among horses in several Massachusetts commu- 
nities, notably in the southeastern part of the State. 

The epidemiology of the disease is reviewed in these 
papers. It is clear that the exact mode of transmission 
from wild birds or from diseased horses is by no means 
clear. Nor are the conditions necessary for the epi- 
zootic occurrence in horses understood, but the dis- 
ease has apparently occurred sporadically in horses 
in Massachusetts in almost every year since it was first 
recognized here in 1938. During the outbreak of that 
year the importance of mosquito vectors was stressed. 
However, Holden,* in studies made among commer- 
cially raised pheasants in New Jersey, recently demon- 
strated that such arthropod vectors are not essential 
for the transmission of infection with this virus. More- 
over, it has often been pointed out that the occurrence 
of cases in late September and in October, as in the 
cases reported here, is not entirely consistent with 
mosquito transmission. 

From the clinical point of view the knowledge of 
the occurrence of fatal encephalomyelitis in horses 
within several miles of a human case of encephalitis 
should alert one to the possibility of this specific diag- 
nosis. In the present outbreak it is not unlikely that 
other cases, particularly fatal ones, occurred and were 
mistakenly diagnosed as poliomyelitis. The specific 
diagnosis may be readily established, as in the present 
cases, by viral isolation or serologically. Unfortunately, 
treatment is only symptomatic in either disease, since 


*Holden, P. Transmissi f eastern ine e halomyelitis in ring- 
pheasants, Proc. Soc. Exper. Biol. Med. 88:607-610, 1958. 
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specific therapy is not available. Immunization against 
eastern equine encephalomyelitis, as pointed out by 
Winters, is not at present a practical or hopeful 
procedure. 


MORE HEALTH FOR MORE MONEY 


Tue Congress of the United States, the most gen- 
erous benefactor in the history of this or any other 
recognized world, has appropriated for the seven 
National Institutes of Health for the fiscal year the 
tidy sum of $170,400,000. This appropriation, some 
80 per cent more than was allotted to the seven scien- 
tific sisters of the year that ended on June 30, 1956, 
must be spent before July 1, 1957. Not only will the 
institutes then have far more money to spend than 
ever before, according to the Washington Office of 
the American Medical Association, but presumably 
far more than their directors had dared hope for when 
hearings on their budgets commenced last winter. 

Without apparent reference as yet to the recom- 
mendations of the Long Committee of the National 
Science Foundation that the system of categorical 
grants to extramural institutions be overhauled, the 
bulk of the appropriation will go to non-federal estab- 
lishments such as hospitals, medical schools, clinics 
and state and local organizations engaged in research, 
on a basis of disease categories. Thus, research in 
cancer will receive $48,400,000, or $23,600,000 more 
than was received last year and $16,000,000 more 
than was requested in January when the budgets went 
to Congress. Mental health will receive $35,100,000 
— $17,100,000 more than last year and $13,400,000 
more than was requested; heart disease is allocated 
$33,300,000, compared with $18,700,000 last year and 
the $22,100,000 that was requested, and so on down 
the line. Arthritis and metabolic diseases will receive 
a boost of $5,100,000, bringing their total to $15,- 
800,000, neurology and blindness $18,600,000 com- 
pared with last year’s allocation of $9,800,000 and a 
request of $12,100,000, and allergies and infectious 
diseases are upped from $7,500,000 to $13,200,000. 
Dental research, with an insignificant appropriation 
of $6,000,000, will nevertheless receive nearly three 
times the paltry $2,100,000 that was granted to it 
last year. 

In addition the allocation to the Hill—Burton pro- 
gram has been raised by $14,100,000, and vocational 
rehabilitation by $2,700,000; states assistance will in- 
crease by $600,000, and Indian health work, a pre- 
vious blot on the escutcheon, will go from $34,700,000 
to $38,000,000. Nor will the Veterans Administration 
suffer in the clamor for more knowledge regardless 
of the cost. Its own “broader attack upon the ‘un- 
known’ in man’s major diseases” will be started im- 
mediately with its current appropriation of $10,000,- 
000 — $4,300,000 more than was received last year. 
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It may be hoped that there is no hidden fallacy in 
the nation’s attitude toward money and what it can 
accomplish; that this country, so capable and yet so 
capable of being fatuous, is not drifting through a 
fiscal dream state. But perhaps history has at last 
reversed itself and prosperity has become both auto- 
matic and permanent. 


FURTHER OBSERVATIONS ON 
MATRIMONY 


AcaIN the perseverant statisticians of the Metro- 
politan Life Insurance Company, in a report issued 
appropriately before June had reached its close, an- 
nounced good tidings pertaining to those domestic 
relations associated with the state of matrimony. 

Marriage, according to the Metropolitan’s matri- 
monial investigations, is on the upgrade, the total 
number of married persons in the country’s popula- 
tion having reached the record number of 81,750,000 
as compared with 75,000,000 in 1950 and 60,250,000 
in 1940. Matrimony may be assumed to bear some 
relation to rises in population, preferably preceding 
them by a decent interval, and this seems to be the 
case with the statistics so recently analyzed. 

At the beginning of the current summer nearly 70 
per cent of the population of the United States fifteen 
years of age or over was married; little more than 
60 per cent was similarly related during the decades 
prior to the second world war. 

The greater part of the relative increase in double 
blessedness is the result of early marriage; contribut- 
ing factors are the decrease in mortality in early and 
middle adult life, with a postponement of widowhood, 
and a high remarriage rate among those who have 
lost their partners by death or due process of law. 
The trend toward earlier marriage has been observed 
since the turn of the century and has reached the 
point where the proportion of married men between 
twenty and twenty-four years of age increased from 
27 per cent in 1940 to 51 per cent in 1955. At the 
moment approximately half the men who marry do 
so before the age of twenty-three, whereas the median 
age for first marriages among women is twenty. 


The Cesarean section was recently suc- 
cessfully performed in Richmond, Va., by 
Dr. Charles S. Mills, on a negro dwarf, 
3 feet 9 inches in height — both mother 
and child doing well. The operation, it is 
said, has never before been successfully 
performed in that State. 

Boston M. & S. J. August 14, 1856 
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COMMITTEE ON MATERNAL WELFARE 
OvarRIAN CysSTADENOMA, WITH METASTASES 


A twenty-seven-year-old gravida I had no gyneco- 
logic complaints before pregnancy. Pelvic examina- 
tion is said to have been negative early in pregnancy, 
which was uneventful until the twenty-eighth week, 
when she was hospitalized after fainting at work. 
She complained of pressure pains, marked dyspnea 
and constipation. Examination of the blood revealed 
a red-cell count of 3,100,000, with a hemoglobin of 
8.1 gm. per 100 ml., and a white-cell count of 11,000. 
She was discharged four days later with a diagnosis 
of “anemia of pregnancy.” An iron-and-vitamin prep- 
aration was prescribed. Because of dyspnea, digitalis 
was given, but without relief. No pelvic examination 
was recorded. 


For the next six weeks she did poorly at home and 
was taken to the hospital by ambulance with severe 
abdominal pain and distention. Shortness of breath 
had increased. She had lost weight. Constipation had 
increased, with no bowel movement in the past forty- 
eight hours. She appeared acutely ill, markedly de- 
hydrated and emaciated. She was too weak to talk. 
There was a right-sided hydrothorax. A mass was 
palpable in the left lower quadrant separate from 
the uterus, which was thought to be consistent with a 
seven-and-a-half-month pregnancy. The fetal heart 
beat was present. On admission the hemoglobin was 
14 gm. per 100 ml., and the white-cell count 13,000. 
The nonprotein nitrogen was 71 mg., and the uric 
acid 10.5 mg. per 100 ml. Thoracentesis yielded 
3200 ml. of blood-tinged fluid. On the following day, 
a consultant on pelvic examination found a firm, ir- 
regular mass filling the cul-de-sac and left vault. 
Intestinal drainage, antibiotics, intravenous infusion 
of fluids and vitamins were instituted, but only 100 
ml. of urine was excreted in spite of an intake of 
3000 ml. in twenty-four hours. During the next 
seventy-two hours azotemia increased, and the pa- 
tient’s general condition deteriorated. Since the con- 
sultant believed that the baby stood a fair chance 
of survival, a cesarean section was done four days 
after the second admission. A normal infant, weigh- 
ing about 1.3 kg. (3 pounds), was delivered, and 
survived. An obvious ovarian carcinoma replaced 
both ovaries, obliterated the cul-de-sac and extended 
up both gutters, forming a mass as large as the preg- 
nant uterus. Multiple peritoneal and hepatic im- 
plants were present. Postoperatively the systolic blood 
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pressure was maintained with difficulty by trans- 
fusion and nor-epinephrine at levels never exceed- 
ing 80 mm. of mercury. The patient died with con- 
tinued anuria in profound shock thirty-six hours 
after delivery. 

This case was classified as a nonpreventable death 
from cystad of the ovary with metas- 
tases. This woman undoubtedly would have suc- 
cumbed regardless of treatment, but certain aspects 
warrant further comment. 

She was sick enough to require hospitalization dur- 
ing the twenty-eighth week of pregnancy, but only 
secondary anemia was discovered. One wonders 
whether a pelvic examination was done at this time. 
It seems obvious that a mass would undoubtedly have 
been apparent, even allowing for subsequent rapid 
growth to its ultimate size in six weeks. Transfusion 
could have been considered and, at the very least, 
more intensive antianemic therapy than was given. 
Mere curiosity would have called for further study. 
The use of digitalis for dyspnea without heart disease 
is open to serious question. In other words, the 
ovarian carcinoma could have and should have been 
diagnosed at the time of the initial admission. If it 
had been, surgical excision of the parent tumor and 
the larger metastases could have been performed, as 
well as any other treatment that might have seemed 
indicated. Certainly, delay of radiation in the inter- 
est of the.fetus might have been warranted, but the 
mother’s outlook could have been vastly improved 
surgically at the twenty-eighth week, and her life 
more comfortably prolonged. One suspects that care- 
ful prenatal supervision, with repeated examinations 
because of her poor condition, might have diagnosed 
the carcinoma well in advance of that time. 

It is a tribute to the surgeon that he was able to 
extricate a living infant, and it is a further tribute to 
the nursery that this child survived. 


Joun Ficcis Jewett, M.D. 
Chairman 


THE ORIGINAL CHARTER 


For many years a copy of the original charter of 
the Massachusetts Medical Society, dated 1781, has 
been carefully preserved in a metal case in the safe 
at 8 Fenway. 

It has recently been discovered that this is only an 
amanuensis copy of the original document. The actual 
charter was found in the custody of the Archives Divi- 
sion at the State House. It is written on vellum, faded 
and somewhat damaged. It bears the signatures of 
John Hancock and many other notable persons. 

Arrangements have been made to reproduce the 
original vellum charter by the collotype process. The 
Meriden Gravure Company has informed us that 
the value of such collotype prints is at least $5, and 
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that reproductions of similar quality are sold at double 
this price in print shops. 

Only a few reproductions will be made. They will 
be made available to all fellows of the Society who 
wish to purchase one, at a cost of no more than $5 
and perhaps less. 

Requests should be addressed to the Secretary. 


Rosert W. Buck, M.D. 
Secretary 


NONCLINICAL NOTES 


NEW ENGLAND ROENTGEN RAY SOCIETY 


The New England Roentgen Ray Society recently elected 
the following officers for the year 1956-1957: president, Dr. 
Leslie K. Sycamore, Hanover, New Hampshire; vice-presi- 
dent, Dr. Harvey R. Morrison, Boston; secretary, Dr. Ray- 
mond A. Dillon, Winchester, Massachusetts; and treasurer, 
Dr. Magnus I. Smedal, Boston. 


NOTICES 
INTERNATIONAL COLLEGE OF SURGEONS 


The Twenty-first Annual Congress of the United States 
and Canadian Sections, International College of Surgeons, 
will be held in the Palmer House, Chicago, Illinois, Sep- 
tember 9 through 13. The International House of Dele- 
gates will meet on the morning of the opening day, Sunday, 
September 9. In the afternoon, the House of Delegates, 
United States Section, will convene for the biannual elec- 
tion of officers and for other business. The Canadian Sec- 
tion will hold a business meeting Monday afternoon and a 
dinner in the evening. Further information may be obtained 
from the Secretariat, International College of Surgeons, 
1516 Lake Shore Drive, Chicago 10, Illinois. 


EW HAMPSHIRE AND VERMONT 
STATE MEDICAL SOCIETIES 


The 1956 Joint Meeting of the New Hampshire and 
Vermont State Medical societies will be held at Wentworth- 
by-the-Sea, Portsmouth, New Hampshire, on October 7, 8 
and 9. Reservation cards will be sent out by both state 
society executive offices about July 1. The Vermont and 
New Ham e Heart associations will hold joint meetings, 
with Dr. Paul Dudley White as a featured speaker. 


NEW YORK ACADEMY OF MEDICINE 


The Twenty-ninth Annual Graduate Fortnight of the 
New York Academy of Medicine will be held at the Acad- 
emy, October 15 through 26. The subject will be on “Se- 
lected Subjects of Current Significance.” Reports on five 
general topics of special current importance will be pre- 
sented, reducing the total number of fortnight sessions. A 
series of three lectures will be presented at a single session 
on five alternate evenings, and panel meetings and clinico- 

athological conferences on five alternate afternoons. 
a the fortnight there will be a scientific exhibit 
on display. Further information may be obtained from Dr. 
Robert L. Craig, Secretary, Graduate Fortnight Committee, 
New York Academy of Medicine, 2 East 103 Street, New 
York 29, New York. 


LIFE INSURANCE MEDICAL RESEARCH FUND 


The Life Insurance Medical Research Fund announces 
that applications for postdoctoral research fellowships (sti- 
pend, $3,600) will be accepted until October 15, 1956. 
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Preference is given to those working on cardi func- 
tion and disease or related fundamental problems. Awards 
will be available on July 1, 1957. 

Applications for grants to institutions for aid in research 
on cardiovascular problems will be received until November 
1, 1956. Support is available for physiologic, biochemical 
and other basic work broadly related to cardiovascular prob- 
lems and also for clinical work in this field. 

Further information may be obtained from the Scientific 
Director, Life Insurance Medical Research Fund, 345 East 
46th Street, New York 17, New York. 


SOCIETY MEETINGS AND CONFERENCES 


Fi ser Ao American College of Chest Physicians. Page 840, issue 


mber 10 
Zt 24 and 25. National Hemophilia Foundation. Page 249, issue 


Avever 27 and 28. Consultation Clinics for Crippled Children in 
Massachusetts. Page 1244, issue of June 28. 
ood Blood Banks and 
ve rence on tional 
Cancer Cytales ngress. Page 104, 


Ocroser 19 and Decemser 14, 1956, ced and Ara 1 7. 
usetts Society for Research in Psychiatry. Page 56, issue of 


J 
oper 30 and 31 and Novemner 1. New England Postgraduate As- 
sembly, Boston. 


CALENDAR FOR THE WEEK BEGINNING THURSDAY, 
UGUST 


16 
45 a Case Presentations. Joslin Clinic. Joslin Auditorium, 
"New E ngland Deaconess Hospital. 
*8:00-9:00 a Surgical Rounds. Dr. John Spellman and 
staff. Saint Elizabeth's Hospital. 
wee ome Cardiac Grand Rounds. Yamins A, Beth Israel 
*9; ao-i8:00 :00 a. -m. Surgical Rounds. Sherman Auditorium, Beth Israel 
*9:00-10:00 a.m. Arthritis Grand Rounds. Robert Breck Brigham 
*10:00-11:00 a.m. Combined Medical-Surgical Rounds. Sherman Au- 
ditorium, Beth Israel Hosp 
10:30-11:15 a.m. Cameo = Diabetes for Doctors and Patients by 
embers and Guests of the Joslin Clinic. Joslin Auditorium, New 
England Deaconess 
00 m Grand Rounds. Dr. Sylvester McGinn 
ital. 
Conference. Sherman Auditorium, 
Hand Clinic (Physical Medicine and Reha- 
bilitation Service). Boston Ci 
*3: 00 Thoracic The 


Heart Dr. Dwight E 
Teoaeer, Peter Bent Br Brigham Hospital. 


ical 
and staff. Saint “Elizabeth's 


Peter Bent 


ogic Basis of Con- 
ose Main Amphi- 


17 
:45 a.m. Case Presentations. Joslin Clinic. Joslin Auditorium, 
New England Deaconess Hospital nie 
*8:00-9:00 a.m. Members and Guests of the 7 os Clinic. Joslin 
Auditorium, New England Deatoness Hosp 
*9:30-11:30 a.m. Medical and S Greed Rounds. Drs. George 
W. Thorn and Francis D. Moore. Main Amphitheater, Peter 
Bent Brigham Hospital. 
*10: ® a.m. Tuberculosis Surgical Clinic. South End Health Unit, 
7 East Concord Street. 

10: 30-11, 15 a.m. Lecture on Diabetes for Doctors and Patients by 
Members and Guests of the Joslin Clinic. Joslin Auditorium, New 
England Deaconess Hospital. 

*12:00 m. Pediatric Grand Rounds. Thorndike Amphitheater, Boston 
City Hospital. 

#1; os | p. ie Fertility and Endocrine Clinic. Free Hospital for Women, 

rookline 

*1:30 p.m. Tumor Clinic. Mount Auburn Hospital, Cambridge. 

*2:00-3:00 ome Pothelegy Conference. Dr. James Graham. Saint 
Elizabeth’s Hospital 

*4:00-10:00 p.m. Alcoholism Clinic. By appointment. Washi 
Hospital, Pa Street, Jamai ca’ Plain. 

*4:30 p.m. Neuroradiologic Conference. X-Ray Conference Room, 
New England Deaconess Hospital. 


Sasuapay, Avuoust 18 
:00-8:45 a.m. Case Clinic. Joslin Auditorium, 
New England Deaconess Hospital 


(Concluded on page xxx) 


